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SECTION X: INTRODUCTION TO NUTRITION. 

;.• • . • ■ • . .■ ■■■ . u. ' 

I'- I ' Man and Foo<^ ' ^ • * ' ■ 

How has man's relation to food chanq^d through\the centuries? 

Prom remote villages to spr^li^ng cities food is one of man^s 
chief occupations.! We eat not; only to stay alive but^also to en^oy 
^e pleasure of out friends and family, to satisfy out psychological 
needs,, as well as simply for, the* sake of taste. . 

. ■■. ■ ■ ■■ • . . ■ 

Food is central to life on earth and, has, concerned man^through 
the ages. Certainly ancient peoples had little knov^edge of the_ 
chemical nature of food, yet they managed to survive. .Thrpugh^the 
years, in all parts of the world, cultures evolved different ways _ 
of .preparing foods and radicaily diffeirent ideas about a proper _^diet. 
(Of course, in some regions of the wo r],d anything- edible was and 
still is eaten to prevent starvation. ); No doubt such^diets, which 
were evolved over thousands of years, wete at least adequate. Our 
ancestors survived long enough to have children, as did their chil- 
dren. In turn. ' ^ 

fp ' - ' » ■ ■ , ■ ■ . . ■ 

With industrial civilization came dramatic changes in ancient 
patterns, including what people ate. Population centers grew, 'fewer 
peopfrgrew^t^^^ food and eating in public restaurants became 

more popular. * . 

»■ . « ■ ■ ' ■ '• . 

As the need. for food, storage in/reased, the preservation of 
food developed into, a vast industry. Wii:h inodern techniques such^ 
as freezing, canning, f reez^-drying and refrigeration many thousands 
of- different food items have become available to the average perso^^ 
Simple foods are often passed by fo^ mo r^ exotic foods, now avail 
able in preserved f orm. ^ .* 

Foo^'I^tterijs -and Health 

Has modern technology a ffe^^ our' nutrition? 

• Mdnv people today eat foods which are so new that their nutri- 
tionaf p^t^ntLl remains unproven. Is a. ^^^t ^f hm 
fries arid milk shakes able to keeg a person^as Wealthy as, let us 
sayV a dS^t of whole-grain breads, lean "^^at and^noodles , fresh ^ 
vegetables 'and friiitS? Do various insect- and "^Jl^T^i^^^Shi i p man' 
traces of Which remain on our foods, affect our health? While man 
has made great strides in increasing the food ^^Pf ^ - P^^f ^J^^^^Ie 
use of machinery and fertilizer, Uttle is known about the poss^ 
Iphg-term ef fects o^^Jne^^^ chemical^^on our health. , 

. Modern methodiWfaot^i^Bervation have given us a choice of 
foods which exceeds that afelabl^ to many kings who ruled as 
ScfntTv as 200 years ago. Yet we dd not fully understand how this 
greaf dLtLy v^^ alfects our. health. Is it PP-ible that sim- 
pler diets, .with more basic foods, are better for our health? We. 
will consider, such questions in the Nutrition Unit. 
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,1-3 The Development 6f Nutritional Science . . - . . 

' For untald thousands of yea j:s oui: ancestors r learned the ear1;h 
. hunting and gai^hering f opd. Later , farming, began, and civ^-lizations - 
developed around the most productive lands, ^etr it-^s only m this 
'Century that we have begUn to learn abou^t tjhe chemical nature of ^ 
foods and precisely how specific nutjfi^nts contribute to growth ^nd 
life',- ■ ■. ' ■■ .; '■ '■ ' V.^ 

Early in the 20th. century the need for. high-quality protein -for 
growth was demonstrated by researchers. Later,, the n-eeds for vita- ;. 
inins and minerals were discovered. .There soon followed s-tudi^ |E . 
amino acids, horioqnes enzymes , and various products of digestion 

and rtietabolism. • 

■ .■ ■ • • . ' ■ . ' . •■ ' ■ , 

1-4 How the -Unit is Organized . . •. ^ . • : • 

Nutritional science -is the study of the composition of - foods 
and how mah uses the nutrients from food fb?: growth and developipent. 
Malnutrition results when we fail to receive or utilize the essen- 
tial nutrients, '. ' . * r . 

To study "Nutrition in Health and Disease" yQu Will need, to . 
know something ab»ut what happens to food inside your body. The 
sections on digestion treat- the breakdown of food., the digestive 
organs and cellular needs. '.Our health is closely tied to our., 
nutrition. Where appropriate, yarioUs illnesses, either, related^ ^ 
to the digestive organs or Influenced by trhe diet/ will be described, 
A knowledge of nutrition depends, in part, on an understanding of . 
. .the cpmppsitiori of foqds. Here, .the^.>^hemistry of nutrition will • 
of f er us some insights into food anc!^ealth. . . / ♦ ..^ 



Most of the frontier work 'in nutrition is being done^in cell • 
biology and biochemistry and these areas of study will imlpdiateiy 
follow nutritional chemistry. Here you will see 'how food is. trans-r 
formed in the cell-. Also, • you will evaluate your own diet and 
attempt to devise an "optimal diet", for yourself.. 

Toward the end of the unit, food processing, . the scJieftce of' 
microbiologtv and' food additives will be explored. A description 
of 'the effects of parasitic and chemically induced diseases will . •• 
be given. ' - * " 

■•A final section has been included which not only treats the 
anatomy of the^teeth and dental disease but also provides^ an - 
introduction to dental careers- ' . ... 



SECTION, 2 : ' HEART 'dJiSEASE AND . NUTR3[TI0N 
2-1 The Heart 'AttacM ' 

/ Peter heaifd noises coming frofn his patents ^ bedrooms It sounded 
like hi6 father might be in' pain ot sick. Peter was puzzleji. Dad 
was -not th0 type to.complaiji about his troubles— he had always seemed 
^ healthy, rtever suffered more than ^n occasional cfold, 'never missed a • 

day bf w^rk. '.Why was he .mpariing? ^eter/gpt' out of bed to see what 
. V was wror>g . • . . ' . 

• ' Through '.the closed °doqr of his parents he; could hear . , 
•talkingv Dad sounded pretty sure he knew what had happened. He. . . 

didn't try to- pass it o-ff as - indigestion 6^: some other minpr ailment. 
Peti^r hea^d his father; ask his wife rtoV phone the dbqtor and ..tell him 
that he thought he' had just had a heart attack. 

•■ - . ■,■ ' ■■ ' ■ . • •■ > ■ \' ' / ' ' ■ • • 

' • Peter wa^ overcome with f eel i^gs' hV cbuldn ' t contain— shock , 
/fear, confusian.- Instead of rushing to \his father's side, he ran 
/ooitside theviimall frame cottkge. ^ The eMy morning" sky A*as filled 
with stars. ,As he watched them, Peter'sUyes filled with tears. . 
With his tears earner the acceptance that* his father- had ^ finally had. 
the heart attack he had. expected most, Of ^his. life. 
■' • . ■ ■ ... '• ■ . . . , 

• Although only 52 years of age and in\ apparent "perfect health,'', 
Fred Stone had worried about just such an Wvent ever since^his own 

• father died of sudden heart attack at th\e age .of 53. Fred had 
always "felt that a heart attack was "In hiW genes." He had. even , 
completed funeral arrangements when he was\a young man. 
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Several days i^r thfe world seemed dijfferentjto Peter. He was 
visiting his father in the hospital, fhe shock and f?ar and some of 

confusion had disappeared. Dad wal out Wf ^"^i^\9^^^; f 
expected to be release.? in a few days./ He seemed to be his old self 
again in fact, he ha^ been giving hik nur3e a hard time about the 
hospital food. 'Heldved to eat , and he didS' t think he was^getting. 
enough to live on. Mrs. Schwartz, a crinic/l, diet;t'cian, had come 
tS'his room to explain his diet. She was ft charge of special di 
and considered herself an expert on heart pases. ^ , . 

■ Dad got right to the point with- the dietician. '"Why.cap^t^l 
have a good meal? I'm starving. Is there a law against desserts 
in th#-s place?" ^ ^ . ° 

" Peter sensed that Mrs. Schwartz had anticipated Ahis question, 
"Mr -Stone," she said with a smile, ."you know. the old .saying about 
' the' warto a man • s heart being through his stomach?. Well, you ' d 
better believe it." , - 
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"Ldok,' Mrs. ► Schwartz. . I get enough^ P''^^^^^''^/?°^or'^^®^? 'f in 
. I'm go#ng to die of M^,^art attack sooner or latere It-s in. 



ERJ^ 



A my gerfps. So let me go '^^e 11 fed arid content.' With what i/m paying^^^^ 
the hospital, you could WtsMn three solid- mfeals and ?pme snacks.. . 

• :•• Rights 'v-, ■. ^ .. ■ ; . ' :- ■ 

" ■ : ' ''' "Wrong; Mr. Stone. There ' may be sdmetliing in your gei>es j^r there 
not be: That's not my s but I've seen your chart: and . 

records. They look encouraging. No: major damage. ^ Blood pressure^ 
normal. ; You don- thave to die ^of^^ hear t^at tack /if ^^^^^^^^ ?^tea 
: :. yourself. Nowf your Hoc tor has 'prescribed that your -diet be . re^^tr ictea 

to .1500 Caljoriek a dAy* - * " V _ - ^ ' ' 

• Frk wasnU a^^out'to accept that. "JLSOO. calories! Why...." 
■ ■ ' ' "■ " ' ■ ■■ ■. . ! .. . 

The dieticiah paid no attention to the antetuption. She knew 
•i:- . who waS: goife^ to win the ar^ument-at^ least,, while he was still^in 
- the hdCpital. "Mr.. S. tone'. a^ ^towing W . 

• " " will be a lot happier if you tak.e off some weighti gradually. Your 
• ^ cha^t says tLt you?are 68 inches and weigh 174 ^unds._ Gonsidering 
■ ; yo|ic.age aijd your bui.l4i^ab^ 

'[ "i»ve tried diets. ^They don't work on me." 
■ ■ ' ''Right. Diets don't work on you unless you work on them. 

^ ' UP .to you / and you can do it if you really want to. Later on.^the 
' dLSr^Sih%p your diet, probably .to about 2000. calories, ^ut^he^s. 
aLso put YOU on a low-cholesterol , low- fat,, low-salt diet, and 
rllonSended\hat you cpntii^ue' With it- indefinitely', ^atch out f or 
. ' fried, foods, syrupy desserts, starchy foods, buttery and creamy 
.' ' thirig^, salty foods.. I'll give you a list. ' ' . . 

^ ' " ' • out '^i^^^^V^ 

^ to voice his oJDjections, ,bUt the dietician didn't listen.^ Mr. _ 
S?one, " she^ concluded; as she began, .to ^ leave , • i.t' s;yo.ur h^art. ^I ve 
aot to qo. I have a lot of other patients to take c?are of. And 
I^other^thing, talk to the doctor about smoking a^d h^eart disease. 
" He n\ay want to add a few ideas. " • • - ; ■■ 

That\iqht Peter was reflective. He pondered the family^album" 

. > . . ^nd paused afL o^^^^ ^^'^^^^v^^^" 
Dad was sitting -Very ^^^^^^r ri^^t j.o Veter^^^^^^^ 
- though he had his father's gends for big ears and his grandfather s 

durly' hair. . • ' ^ • . - ' ■' ■ , 

Still puzzling over genes and .heart disease, Peter got, up and 
. ' • went out-L^SitGhen to ^ l^^^^ for some ice cream or somethmg-a 
- little midnight snack. - ' ^ . 

2^2 Qtfcurren-ce of Heart Disease < . ■ 

' . . , HOW has the death r^^e from heatt^ disease in. the United, States :changed ; j ^ . 
' during this cenpur\j? .. -x. .. ^ 

f / \ ' - .I^rTsOO more people died of pneumoriia than of heart disease 



(see- Figure l-Oi^ Today a person isT^about ^ten times mbreUikely io^ 
die of ?eart (disease than of pneumonia. While infdctious^diseases- 

are generally under control a/ a result' of ^x^/^^^^^' .^J^^f ^ • : 

'and' cancer havfe beconie the two main causes ^of death. Peter s tanner;. 

'is hot .alone in his risk of heattii attack. ^ • . ^ ' ' 
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" ' Source: Vital Statistics of the United .States. 

- - , , - I^IGURE 1: Several causes of death. 1 . 

•.*■ . •■' ^1* -,- «■' ■ 

The death rate for heart diseases increased firom- less than 150 Per ^ 
100,000 people in 1900 to over 370 per 100,000 people in 1968. ^hxs 
hal^ned dnrin<3 the same pe.rio'd in which the death rates decreased 
„ f<jr pneumoniae tuberculosis and most other diseases caused by 
infections. " ^ 

■■" Heart disease, is the leading caus«;of ^^^^h in _^e Uni^^^^ _ 
states but what does heart disease have\to do with nutrition? Was 
Ired lton"e^^^^^ Is the increasing , 

^death rate' from heart disease caused by a change m America s / . 
' «a?ina hSits? in^ an attempt -to answer these questions an important 
sSKSb^n maSe! Let ul'^examirve^some of; the.^^ findings yhich have 
resulted from thiff ^tudy. . — ; 

■ ■ ■ .■ ■■ .' - ■■' ■'<'.' ■ ' ' ' 

2-3 The, Framinqham Stu^y ' ' ' - 

Is cholesterol ass6ciated with coronary heart disease? * 

' i atudv of aDT>roximately ^200 men and women began in 1949 and ^ 
is still Kogriss" theae^people lived in Framingham, 5^»««=husetts 
•a llght -ihdustrial and residential tbwfv west of BoSton.^ When- the 
study began, the sub jetjts ranged in ag.e from 30 to 62 years. «one 
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had . a record of heart di^ase or disease of the blood ve^feels, when 
the study began. The sttidy inKolye? extensive interviews .of . the 
type.ydu discussed' in BipmedidSl Social Science m Unit . 

* • The purpbse of the Pramingham Study is to determine^ what factors 
eure associated with the "development "of ^heart di^^^^^^D^^J^.^^^f ^^^^ • 
of the blood vessels (called vascular diseases).. T^e subDects.have .. 
been. examined periodically for evidence of the development of these 
diseases. 'The Fr'amingham Study is the largest, longest^and most . 
careful study of the occurrence of heart disease yet made in the . 
United States. 'Records have been kept of each person's weight, 
amount pf physical activity, and cigarette ^"^o^^^^.^f ' 
of a su&s,tan^e called cholester9l inthe blood is determined dur^,ng. 

the examitiations . . / ^ 

. In a moment we will examine a graph that presents some of the . ^ 
results of |he>>ramingham Study,. But first it ^^^^^^.^^^ 
a few'terihsT The coronary arteries are the vessels that supply 
hlooS and%^gen to the' heart muscle itself. Coronary heart disease 
is a condition in which- the coronary arterie? become ^K^^f ^ ^o ,o^e 
extent or another. ^ As a. result, the heart muscle does not receive 
lufficient blood or oxygen to function properly. You may wish tot 
revieS the aScle, "dI^ on Coronary Heart Disease, " assigned m 
Unit i of Biomedical Social Science. 

When the blockage of blood flow to the heart muscle x^ccurs 
suddenly? ^e have a "heart attack." That's what happened to Fred • 
S?Qne in thi story. Fred was "lucky." In a^ Substantial number of , 
hear? attacksf -the heart muscle is damaged s'o\everely that sudden 
death occurs. Heart attacks often occur during sleep. ^ 

Cholesterol is a substance made by the liver, as weM as obtained 

from the diet." It, is transported^ to f .P^f f f ^^^f ^ex^e^ 
^Ibodstream. Although it has useful functions in ^he^^ody , e^^^^ 
. choleiterpl, has been suspected for some time to be a contributor to 

coronary h6art disease. For this reason the cop^^^tration of 

.Cholesterol in the bloid has been measured in the Framingham Study. 

Ttoe results are shown in Figure 2 on the: following page. . ^ 

■ The cholesterol concentration is given in milligrams of choles- . 
terol, per 100 milliliters of blood. 

a ^^lative inciaence ^ 280-299^means that these men are twice as 

llllTl^hl^^^^^ °^ in the study 

ii^hlX^ or the other hand, the graph shows-. that those men with a 
cSo5es?^rol concJn^ra^L^^^^^^^ 180 get coronary heart disease only . 
41 per cent as pften as the Framingham men in general. . 

^ The graph shows in increase in the incidence °f ^^^^^^^^^ .^^^^^ 
diseW with'^inc^easing cholesterol concentration. Men at th^ high 



"end of the tange are five times as likely, to have coronary heart 
disease-as men at the low end. • The studjf therefore supports the- y 
idea Chat high cholesterol levels contribute to heart disease. 
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- FIGURE, 2: Relation of Qoronary heart, disease and cholesterol. 

This finding suggests that nutrition plays an important role in 
heart disease. It ilthe kind of information that made Fred Stone's 
doctor t>ut him on choiesterol-lowejrmg diet. 

2-4 Fatty Foods and the Heart 

: my. is North Kyreli^ known as "the land of young widows?" 

■ While heart disease is a leading cause of death, the United ' 
Stated the highest death rate fr6m this disease in the^world occurs 
in a village in Northern Finland. Based on the Framingham Study^ 
ind on other studies you may have read about, you may associate heart 
a?tacks°w5?h fa?, mld^le-agL men who have ^i^h blood pressure smoke 
u^atHiv finei live a hiahlv pressured life. Recall that Free 5?t:one 
Siri X^tS^in tht heivy 8id4, middl*-aged and smoked. His felood 
p?MLre «as normal and Je re'ally don't know from the story vftiether 



^ he was highly pressureai • He had .some of .the traits, indicating : that 
he was. .a canplidate fdr % heart attack. ... - r / 

^ In the heart attacft' capital of the- world, the rustic town af ' 
North Kyrelia; Finland, most af the vietims are lean and muscular. 
Their occupations are hot particularly - stressful emotionally or ^ 
psychologically; they're mainly dairy farmers and 3:i|nber:acks . These 
- Finnish people not only h&ve a repuJ:atiori ^f or being ^asygoing and 

• friendly, but they live in a natural setting that's relaxing. Yet,. 
75^per .cent of all deaths ther^ come fro|ti,. coronary or .related 

ailments. " i ' ,. 

■ ■ . • . ■ ■ . . ' . ■ ■ 

Dieticians in Finl'knd' think the local dietV which is^ricli in 
. dairy fats and low in vegetables,' is the chief causp of the Mgh 
.incidence of heart attJcks. The blood cholesterol level among these^ 
people is extremely high. . ^ . 

\. In Finland, many lien drink two quarts of milk a ^^y ^J;^°„vq 

• drink fresh cream. Th4 North Kyrelians^ use butter to bake fish and 
pastry while the normaS lunch, for lumberjacks is a fatty sausage or 
hferring and globs of ?at wrapped in ^read.. All of these foods tend 

"to raise the blood cholesterol level . . , 

Moat of th^ men/there alsl smok^ and suffer from high^ blood 
pressure. So the thhee f actorjS-diet, smoking and high blood pres- 

. ^ure--ar; the main, t/argets iX plans, to>ing t^e heart^attack rate. 

' down. However, the/high chc/lesterol levels are thought to be the 
leading culprit. ?he ptoplS^are b^ng taught, h^w^to cook foods with 

.-l^s of the kind c/f fats, thSt form. Cholesterol.^ The three.local 
d^airies in North Kyrelia;^ hive begun to- produce IcJw- fat milk. 

2-5 Heart Diseafe and thfe . Unit on ^Nutrition ^ ' : ' 

There are :d few <^e/tions that should be °^f/^' 
proceed. . First J why has^this ?eGtidn been limited ^^"^°ft_entirely • 
to males? Part of the reason -is that. the relation of diet to heart 
disease is *less dlear for females.. In addition, up to about age 50, 
hear? IttaJks af I • four /times as commpn in males as they , are in females 
After menstruation ceases, however, ^he^female rate rise? with^time^; 
until. it finally is about the same as €he 5)ale rate. The reason for 
tSis may'haVe to do with" certain hp^^ones .that differ in men tnd ■ 
women The nature and functions o^ Wones will bfe a subject of 
later sections. ' * . ^ . 

A second question that we would like to dlscuSs at this point 
is- Why did Fred Stpne h2ve the heart attack-was • it his genes or 
nutrition»o'r what? Unfortunately, we can' t answer this, question. 
StatisSca? studies of the kind we/hav.e discussed indicate a porrela- 
tion beiSe?^^^^ ^ heart disease. But, as you 

mav recall from Unit I of both Sp.^eftce and Social Science, such \ 
studies do nofprove a cause-and-ef feet relationship. What^can be; 
«;«t«d in a Dbsitive way is that several factors increase the risk ; 
that a person wi^ihave'a heart attack. These factors include nutrx- 
Son (especially Cholesterol, fats, salt), excess weight, high blood 
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pressuire, smokinto,' lack of exercise, family his to]pr ( genes) and ^^^^ 
nersonalitv J WeUiH return to a consideration of ' the risk factors 
irheati-di^Las^^^ Iir^when we consider the circulatory Bystem. 

' One filial Question to consider is: ^ Why have we spent all this, 
time on beatt disease? Ow; main coBcern was not^the ^^^^^^^f^J ^^K.^; 
culation here. It was selected as one example of an important health . 
problem related tb nutrition. There are m^ny <^ther diseases affected 
by oV diets and We .will consider some of them in the sections to 
follow.. , ' ■ ' ' ' . : ^ \ ' ■' . '■• • 

•• 'what were the characteristics of Fred Stone'' s hospital diet in tlje story? . 

What is the leadilg^cause of death in the United States at present? . 
Was this true in 1900? Explain. _ ^ - - 

■ What does the Framitigham Study suggest about cholesterol ^"'^^^^^f ^ 
disease? Does the study prove that high cholesterol levels cause heart disease? . 

List four factors 'in addition to cholesterol that are associated with \ 
coronary heart disease^ 

■What is th? diet like inLrth Kyrelia, the "heart attack capital" of the 
world? What do.di^icians consider to be the major nutritional problem 'in 
thatscomitiunity? • . ' : 



SECTION 3: THE DIGESTIVE PROCESS \ . . ' " 

3-1 The Digestion of Food . ' 

What must happen to food before it can enter the body? ^ ]■ ^ ■ 

AS vou "may know, digestion .is the process by which the large , ^ 
.nmnWx molecules of o ur^food a re broken down' into , small , relatively 
complex ^ol^^!;^^®? ^^Is of our bodies must receive nourishment, ; 

InS'M ofV.d'is ?he'first^step in the process that makes 

this possible. , , ' _ , 

. The nutrients niedkd by our "lis ' are carried to them by the ; 
— lathis to -happen, the nutrients must be soluble, m 
tirfloor'ln^Sdi^ionf th^^'^mu^t be.in a form which permits them 
t? be absorbed into ):he blQaastream through the walls of the ' 
intestines. i 



■ Diaestion accomplishes -both of these things. The food molecules 

tSf L:u^olecu?erpafAut Of the blood and into the cells where 
they are needed. ; 



.. Sinqe you will, be dealing with c,arbohi^drates , proteins and _ ■ , 
fats' in the mathematics course, this is a good place tcp define them. 
They will be considered in more detail a little later in the unit. 

Carbohydrates ^are sugar molecules or combinations of sugar 

molecules. Among other functions, they P^°fi^^. ; , J^^^^^thir 

is made up of two simpler sugar molecules attached to^^ther. Other, 
foods, rich in sugar are* honey, maple syrup, candies a«|^ Delli.es.. ^; . 

Sometimes sugar moleciiles are combined in long chains as in ^ 
starch, few examples of starchy foods, are bread, pizza, spaghetti 
and breakfast cereals. In the sections to follow., wa will see that ^ 
long-chain carbohydrates such as starch are_. broken down in the d 
tion process into sugars. . These, in turn, are broken doyn into still 
smaller molecules within our cells. . , . - 

Proteins are long chains of' amino acid molecules. They vary in 
molec ular wei ght from several thousand .to hundreds of thousands (amu) 
some- high-protein foods are meat, fish, eggs and soybeans. Proteins, 
Uke silrch, are broken down in the digestion process. The products- 
of pr</tein digestion are , amino acids . These substances ^^jj^^^^er 
cells (where they may be restructured into proteins needed by^the^body 
Protlins are an^important part of our body structure mair,^bones, . 
skin and so on) . 

Fat molecules are large in comparison to such molecules as JaCl, 
acetir^cid. and amino acids. However, th^V '^^^/f are 
protein and starch molecules; <. A few examples of fatty f^^ods are_ 
sa^a^^ressings, butter, walnuts 'and' sausage^. Fats ar^ ^^S'^^wf 
proteins and Itarch in that they, are broken ^^^^.^^l^^^^^^J^f ^^^^^^3^ 
process into smaller ' molecules . Gram for gram,, f^ts provide the most 
calories of any Qlass of nutrients. . 

- calories are not nutrients', but they are important i^^^^^V 
side r ation of the diet. They are a measure of the^energy content of 
loQd it is important that the- caloric value- of the food we eat^be 
neither too high nor too low. In this Country, too many calories m. 
?he diet is often a concern.. Such diets- can^result in obesity. 

Example^ of high-calorie foods include fatty^and starchy ^oods. 
By contrastT^green ,Lafy .vegetables and majiy/fresh fruits are. low 
Vin calories. J ; ' • . • 

. 3^2 Anatomy] of the Digestive S.ystem - ■ 

• What are. the organs that compose the ^igest\ve system? > 

In Unit I, it was necessary to .^^xamine the structure and parts 
of the respiratory system in order t6 understand the prodess of^res- 
pLa^Ln! ^i^is equally nepessary to examine the digestive system 
in oi^der to understand di^gestion and nutrition. 

■ The simplest way to p^oture'the digestive system is_ as a tube 
of varying size running thrau^h the bodjr. Food enters one end of 



the tube, 'the mouth, is the food travels along, part of it is . . 
digested and absorbed through the walls pf the tube. What a.s left, 
over passes out through the^other end, the anus. 

As can be seen "from the figure on the next j^age, the digestive . 
tract is folded back on itself many times and woyld be about eight 
meters long if stretched out.. It consists of several distinct parts, 
each having a different function. 

i!he entrance to the digestive systetn is the mouth, which includes 
the teeth, tongue and salivary glands. Digestion begins in the mouth. 
Food passes 'from the mouth down a tube called the esophagus to t^e 
stomach. Food is temporarily stored in the stomach, and further 
digestion takes place there. . 

, From the stomach, partially digested food enters the email in- * 
testine. The fir^t 25 to 30 cm of the small intestine are called the 
duodenum. Three glands, the 'pancreas , the liver and the gall bladder^, 
release materials into the duodenum to aid digestion. Digested food 
is absorbed through the surface of the small Intestine into the body. 
What has not been absorbed in the small intestine passes into tne 
larqe intestine, where further absorption takes place. The undigested 
residue leaves the body at the opening of the large intestine, called 
the anus. 

In this section, we have barely touched on the organ-s of digesj- . 
tioh and their functions. Our purpose was simply to provide an oyfet- 
all picture of what happens to th« food we.eat. « In the sections to 
follow, we will return to each of the organs of digestion and^examine 
the processes that occur within them in more depth. ) 

3- 3 Anatomy and Adaptation ^ - . 

How is the gastrointestinal tract adapted to its function? 

The folding of the digestive tract permits a great length of 
"fubinq to be housed in a relatively small , volume. If it were 
limited to a straight tube from the mouth tp*the anus, the len'gth ^ 
would be less than a meter instead of eight meters'. .This increase 
in length has a real- advantage. It. increases the surface area avail- 
able for absorption of food. As you read the text, you will find 
countless examples of anatonvical structures (organs, cell©, eyen^v 
molecules) that -have an "architecture" beautifu;Lly suited to their 
' functions. We speak of these structui^es as being adapted. Most 
bioloqists believe that adaptation (the process of becoming adapted) * 
• is the result of millions of ^ears - of evolution. The theor^ ?f fT?: 
lution will be considered in ^ Xat^ unxt. In the meantime,, jit will 
be verv helpfuj. to raise questions about the relation of anatomical 
structure to function. In most .cases, you will find that our struc-, 
ture is consistent with function. For example", you, might cons.ider 
how the lungs ^re adapted to providiijig the body with oxygen. > . . 
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, I/^at is the function of th^ digestive process? ' ; 
Wj^t are three n»jd^ 

What happens to these., nutrients during digestion? 

what are calories a rteasure of? . . ' 

' fn Section 2-1 , Fred Stone ms placed on a- low-fat , low-calorie diet. What 
are somei^fbods he should watch out for? . , ' 

' Cover up the labels on p. 12 and see. how many of the organs of digestion 
you, can identify, • " 

> List all the structures a hot dog or its remnants will pass through en 

route from one end of the 'digestive tract to the other. ^ 

What is meant by "adapted?", in Ifhat way is the digestive system adapted? 

" ■ .' t . ' ' 

ffhctt are somf other exa,mples of bumn adaptal^on? 

Vocabulary ; . 

adaptation — process of becoming adapted. . 

adapted^ -well suited for a particular function, ^ 

calorie- " a', measure. 6 f the energy content p f f ood . ^ 

carbohydrate— a nutrient composed of sugar molecules prchaiAs of 
sugar molecules.' ■ . . 

digestion— the splitting pf food substances, into smaller molecules 
— . which can be alSsorbed into/ the body. . 

tatf"-a class of energy-rich ni^rients.. 

nutrient (NEW-tree-unt)^ ra substance in foods necessary to 
maintenance of health. ' 

protein— a nutrient composed of a. long chain o.fUmino acids. 

tract— a succession of ^ organs serving a particular function. 



SECTION 4: Etiz^MES \ • ^ 

4-1 The Chemistry of Dlgegtion 

• . * ' ' '■ . ', ■,'.■..* 

* ' • *■ )* ' 

Why are enzymes needed in digestion? ' ^. 

- . ' ■ * 
. ' we have seen the path taken by food as it Passes through ^the 
digestive tract and how the fpod is broken down- The brealjdown 



prdcess is both mechanical and chemical. In the mouth, food is 
mechanically broken into small pieces by the teeth. Yet these small 
pieces are far too large to be absorbed into tb^ bod^. It is the 
chemical changes that convert the food into molecules si^^ll enough, 
to^e absorbed. This chemical process is of fundamental importanc^ 
beSus'9 a yototinuous supply.jof_jnolecules is needed for our cells to/ 
sustain iife; ^t the chemical reactions by themselves would be t&o 
glow to prevent starvation if there were hot more to the story. Th6 
missing links are molecules -known as enzymes , substances that serve 
to speed up. the chemicda^.reactionsi of digestion. .Enzymes are essen- 
tial to our survival. , , - ' 

4-2 The Discover y of > Enzymes . . ;^ ^ 

What was in the yeast? 

Eduard and Hans Buei^lhner were concerned neither With food nor 
witfi ihuman digestion. The brothers were Swiss pharmacists. At the 
turn'-of the century, they were trying to isolate and study new drugs. 
They were working on an eiktract from yeast. The procedure was to 
take live yeast (one-celled fungiJs organisms), add sand and chemicals 
and grind the mixture with a pestle. Then they would extract liquids 

nd test them for drug action. But they wer^ afraid that bacteria 
and molds in the aif would get into their preparations and spoil 
them. " ^ . - 

How could they preserve their e>f'ract? They did not want to add 
chemical preservatives, because thos^ available m the early 1900^s 
were poisonous. This was undesirable because they wanted 'to use the 
drugs produced on people. The brothers ; decided that they would try__ 
an old device that was used for preserving foods— they ^would ladd 
excess sugar to provide a mixture in which bacteria cannot grow. 
(This technique is still used by home capers. ) - ' » , 

6ne day one of the brothers happened to look at the "yeast 
preserve." He -noticed tiny bubbles being released. On closer in- 

•spection, he detected a smell of ethyl alcohol. Wine was fcteing 
produced! He was stunned, fermentation was occurring in a mijxture 
containing dead yeast. Something inr the yeast was doing. what he and 
other scientists of his time believed could only be done by living 

. organisms. That' "something in the yeast" wa5M!hangi?lg sugar into 
wihe. flans and Eduard had no idea what the m^'sterious factor was,^^ 
so they called it ";enzyme" from the Greek words meanii^g in yeast- 

^ In time, it was shown that many of* the enzymes in Veast a^re • 
similar to those in humans. The unexpected discovery of enzymes ih 
yeast excited the scientific community and caused a whole new field 
6? science tp emerge — biochemistry..^ ' ; / • 

.4-3 Catalyses , ^ t» • , 

How does a catalyst affect a chemical reaction? - 

Elizymes belong to a olass of chemicaL substances called 
' ca tal ysis" Such substances change the ralfe^of chemical reactions^ 
without themselves being permanently c];ianged. 



Ypu may riecall from Unit I generating oxygen gas by heating i 
potassium chldrate with a small amount of manganese dioxide. Oxygen 
gas may also be -obtained from potassiOm chlorate alone. In that case, 
however ,= the temperature must be considerably higher and the^oxygen is 
produced ati a mbch slower rate. The rtnO^ still remains in the test ^ 
tube. .' '■ ^ 

As-another example, let's consider the breakdown of hydrogen 
peroxide, HoOo. You may have used this substance as an ant^se^tic 
and noticej'^tiny bubbles released. This happens because hydrogen 
peroxide very slowly decomposes to water and oxygen. V ^ 

2 H2O2 ^ 2 + O2 

The reaction is sufficiently slow that" we may leave hydrogen peroxide 
on the shelf of a medicine cabinet for several months. 

* ' ■ , , ' ■ 

» But if even a small quantity of manganese dioxide is added, to 
hydrogen peroxide, the peroxide decomposes rapidly to water and oxygen 
The manganese dioxide is unchanged in the reaction; the same quantity 
remains tphat.was added. ^ 

.The presence of a catalyst in a reaction is indicated in the 
equation by writing its formula above ^ the. arrow. 

. • '■ . ■ . . ^ ■ ■ ■ ■ ■ ■ • • • ■ '. 

' - ■ Mn02 

2 H20 + 02... v. ; :, . 

Instead of adding manganese dioxide to the hydrogen peroxide, 
you could do the' following: take a small Pi^ce of raw beef, grind 
it up just as the Buechner brothers did , and^add .an extract of _^ the . 
beef to the hydrogen peroxide. If you did this, you ^^^^^^ ^hat 
the beef extract would also speed up the decomposition of the hydro 
gen peroxide, because the extract corvtains an enzyme. Both the 
enzymf and m;nganese dioxide are catalysts, yel: they _ are very dif- . 
fefent in their chemical nature and in their properties. 

.4-4 Properties of Enzyme^ ' . ' * • . 

what are some of the differences, between a catalyst like manganese . 
dioxide and an enzyme? 

Enzymes are proteiiis. Ai' such, they are very large: molecules 
compart to MnOo and oth^er noA-biological catalysts. Each, enzyme 
h^runiq^ arlangementi Of -ino^acid..^ Recall tha p^^ 



one of the major classes; 
the reasons why proteins; 
that some of the amino a' 



of nutrients (Section 3). In fact, one of 
'are such an' important component of food is 
?ids that'the cells obtain as a Jesuit of- 



digestion Of proteins M rearranged to form enzymes 

Enzymes differ 'fro|l Mn02 not only in their size, but also in 
their greater sensitivitl to th^ir environment. For ^^^^P^^ ' 
•enzymes are most teffectile as catalysts at body temperature (37. C) 
TferLgrees increase I temperature often inactivates an enzyme, 
thuresslntially stoppinl a reaction, While the same temperature 



change would actually increase the rate of a reaction catalyzed hy 
MnOo. Each enzyme has a particular pH at which it functions best., , 
some aire most effective at a neutral pH, others at an acidic pH. 
Mn02, and many other non-*en2yme catalysts, are. less affected by pH. 

?* MnOo functiorrs by itself as a catalyst Although some inzymes 
^ ire self-sufficient, others require additional factors to operate, 
such as^iLtamins and minerals. This is one of the reasons why these 
vitamifflP^d minerals are such important nutrients, ; ' 

Enzymes are highly discriminating catalysts. They can detect 
very slight chemical differences between substances. It is remarkable 
that an enzyme acts so specifically on one compound. It might be 
easier to understand this highly discriminating process by using a 
model to describe it. Though an enzyme is actually a molecule of 
high molecular weight, in our model we will picture an enzyme as_a 
puzzle piece that must fit the molecule on which it acts. yWe call 
this molecule the substrate . Thus we c:an represent an enzymatic* .. 
reaction as in the following figure. 
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Model of an enzyme-catalyzed reaction i 



products 
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Note that t^e enzyme is not changed in the reaction and that it 
may go on to catalyze the breakdown of other molecules. 

Enzymes are us ual]*; named according to the substrate on which 
they act. This makes leVning the names of enzymes easier. The 
first part 'iof the name derives from the cpmpound on which it acts. 
TO this is generally added the suffiK"-ase." The enzymes that cata- 
lyze the breakdown of carbohydrates are called carbohydrases. Pro-/' 
teinases act on proteins ^ . ^ * 

What^:two different pi:oces^es work to break down our food into smaller pieces? 
Could digestion occur in the abseAce, of enzymes? 
What is a catalyst? What is a biological catalyst? 
What is the chemlkcal nature of enzymes? 

What are some ways :(.n which enzymes differ from non-biological catalyst^?^ 
' How is an enzyme named? What are enzymes ^falle^ that break down proteins? 



i 



V Explain the model of. a reaction shown in the figure on p. 16. • 
^ypcabulary :^ 

cataly'st ^ (KAT-Uh-^list) — a cheinical substance that speeds up a ' 
reaction without being altered in the prc^cess. ♦ 

enzyme (EN-zinie) —a JjioXogical catalyst. - 

subgtrate— a substance on which an enzyme cikn act. . * 



SECTIONS: DIGESTrON IN THE MOUTH AND sfOMACH 

5-1 Digestion in the Mouth ^ ' , t ' 

; . How is food altered in the mouth? . x . 

In Section 3 we outlined the .prociess cfc digestion. Over the 
next several sections ^ we will consider each-stage of the process 
in/more detail ^ You may find it helpful to review the figure on 
p. 12 periodically to visualize eac?h sta^e of dtg^estion in rela- 
tion to the complete system. , V ' V . j 

'The mouth is where digestion begins. Three features of* the . 
mouth are significant in starting thd process of digestion. Two^ 
of triese/ ±he teeth and tongue, play a mechanical role-Tthey work 
together tfc break the food into smaller pieces. -The third feature, 
sa liva , begins the chemical breakdown of starch. 

'■ ^ • „ . 

Saliva is secreted by the salivary glands . Since we Will 
encounter several giahds and secretions associated' with the diges- 
tivf system, these termg^ are worth defining at this point. A gland 
is In organ that produces a sub- 
stance that is needed elsewhere - . 
in the body. A ^secretion is any 
substance released by a gland. 

As shown in Figure 1, jbhere^ 

are -three salivary glands on 

each side of the face; Each 

gland has an outlet from which • 
Isaliva is secreted into the . 

Imouth. , If you've ever -had the 

mumpis, you may recall a pain 
. and swelling in the facejust 

beiqw the ear. These symptoms 
- are caused by inflamiAtion of 

one of the salivary Aands.- 

aI. though saliva is some- ^ 
times thought in an unpleas- 
ant wa|^^9 ju|f "spit,", the 




salivary glands 
pharynx 



tpha^j^ 



FIQURE 1; Location of the 
salivary glands. 
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functions of saliva are many ^ and important. .|.fliva waa^^^ the . 
teeth'. It keepsAthe mouth moist and makes ifif^^fech easier, iti'^^, . 
helps neutralize' acids. . It (Jissolves sdmeVfdod making. it possible . , 
for us to taste food. And it lubricates fo^id.,^ai^^ makes swal- . 
lowing easiiSr/. • •■ f- .' ''■ .-■ . 

When ft)(5cl enters the mouth and ' chewing begins ; - nerve signals, 
are sent from the mouth to the brain. These, signals . coptafn. infor- ■■ 
mation about thp tasta,and texture of the food. The brain, i«,turn, 
stimulates, the salivary glands, 'and saliva is secreted. Even - 
contemplating appetizing .food can set off impulses that stimulate, 
the' salivary glands and "make th^^ ' . . . 

Saliva contains the enzyme,' -amylase . ;in Section '4 w.p-4iscussed 
how limited enzymes are in the reactions they can. catalyze, fflfnylase. 
acts on starch but on iio othe^ ^ 

Since faod remains in the mouth for only a limited time ^ starch 
is only partially .digested in the mouth. So the food passing to the 
stomach contains s6m6 undigested starch, some starch molecules that 
have beembi^ken into shorter ch#ii,4^ and some sugar molecules, which 
are the final tete^k*wn product of^ starch digestion. The.. food also 
co.htainsl-tindige^s ted protein and fat, which anfylase does not affect. 

This mixture is shallowed and enters the esophagus . Swallowing 
begins as a voluivtary "Sction, an action we can consciously control,^ 
Food is maneuvered to the back of the tongue as Ve chdw. Jhe tongue, 
is then jerked downward, aUowing the food to pass through the^ 
pharynx and . enter, the esophagus (see Figure 1) . You may recall the 
pharynx .from unit r, since it also serves as a passagejvay^fpr air,. 

'*5-2 From Mouth to Stomach ^ '• ; . 

• • ' Mow do&s s^fallovied food ge^t tq the stom^ch?'^ . ■■ , ' ' f. • ' . . 

Once .food entefs the esophagus^ we have no further voluntary - ' 
control over it. Layers of muscles are located in the wjll^ 

-the esophagus. These muscle^s can. tighten -like a b^.lj: and form a ,, - 
constriction as -indicated, in Fiigure 2, opposite. The ponstriction 
forces particles of partly digested food slightly forward. ^Th6se.. 
muscles then relax while m^^iscles slightly, bel^w constrict, thus ■ 
moving the- food, a bit farther. ThiT^results in a wave of.. contrac- 
tion Which trayels downward, pushing food ahead of it. ^The^ overall 
process is a little. bit O-ike , taking an open tube of toothpaste and 
Squeezing it from tiie. bottom to the top. The toothpaste will be 
forced toward \ and out of) the open end. The .muscular process. is 
called periitalsis . "The wave tlfat results <a.s a peristaltic wave 

, (Figure 2) . ' ■ ■ ' . . / 

* YOU might expect an enzyme that breaks down starch to be called, 

"st^rchase." Actually starch is a mixture of ?:wo long-ch^in cdlrbp- 

• hydrates, one of which is called "amylose." Amylase ;ls also a . 
o^rhnhvdrase but this latter term is less' specific since it does 

. nofJndtcat^'what type of carbohydrate is brokea^' ci^n by the enzyme. 



It* is peristalsis that causes " food to pass from the mouth to 
the 'stpmach, not gravity, if gravity daused food to pass along 
the digestive tract,, would astronautte Hi orbit be able to 
their food? Can you think of ^ way to ^rove that gravity 
the caube of the mov6ment of food along the esophagus? 



digest' 
is not 



, D^'c^estion in the Stomach , 
' mat*tifpes of digek%ion occur in 



the stomach? 



•the loWer- 
bottom of 



The "stomach is located pn thp Left side of the body, 

' most part of the organ being approximately level With the 

the. ribs. Food entering the .Stomach contains undigested protein, 
fat and starch, as well as sugars. \ - , 
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constriction. 

}ass 6f food 



The pre'sence of food in the • 
' stomaqh stimulates' the secretion 

q£ several types of glands embed- 
/ded in the lining of the stomach. , , 
' The word "gastric" comes frora*the 

Gr^ek' word for stomach, this 

mixture of secretions, is called 

gastric iuice .' " The three main 

components of gastric juice are> 

a dilute hydrochloric acid solu- 
tion, mucus, and a. chemical called 
' pepsinogen. , 

' The HCl sedreted in the 

stomach has a number of important 

functions. It continues the 

process begun with chewing by 

breaking up larg^ particles of ^ 

food into smallet particles and m^e^- 

single molecules. It also dissolves softie minerals and kills most 
' (but not all) of the bacteria that enter the stomach with food. In 

addition, HCI is Responsible for the conversion of pepsinogen into 

an enzyme billed pepsin . . ("Pepsin" comes from the Greek word ^ or 
•digestion.) P^psiTii-a proteinase ; it catalyzes the breakdown of, 
. proteins into^^hort chains of amino acids. 

» While pepsin begins the digestion of .proteins, this process is 
'dnlv about ten per cent completed when fopd, leaves th©_stomach. L^k? 
wi3e, little digestion of fats takes p^acfe in the stofnich; most pccui 
after the fats reach the duodenum.. The amylase, from saliva, con- 

• UnuL tL digeSibn- of starch to lome extent. However, amylase is 
rtoracti^e in an;«fdidic environment. .(Recall that an enzyme is most 

. ^ Skctiie aJ a- particular pH..) ■ When, amylase pomes into contact with 
H+ ions, in the- stomach, it is • inactivated. \ . .■ . 



FIGURE 2: U peristaltic wave. 



. Thus'digeiBtion is far from complete' in the stomach. _-. 
ach's main function is to^serve as a tempo^rary storage place, for 
laf bulL o^^^ v^ile mixing It with- gastric juice. The stomach 
the iCb^d, and passes ft on at intervals in regulated amounts ^ 
to the intestiiie, the main digestive organ. ' . 



Th.e stom-' 
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-vThestomachxf unctions in a way that allows us to eat at irregu- 
lar intervals. We need not always have food in our mouth to .^viae 
a steaay? flow of needed chemicals to our cells. For example, may 
comple?te a meal in 15 minutes,., but the food is .slowly passed into the 
intestine over three" to fiv6 hours. This E^rovides a constant supply, 
of nutrients into our bloodstream and into.our cells. This is a , 
fortunate .adaptation. If this were not the case, . perhaps we could 
only function a small part of. the day. « ' ' 



' Food is prevented from going back up into the esophagus or from 
. A passing on too quickly into the intestiiie by means of sphincters. 

' Thev are valv^like structures located at both ends of the^stomAch. 

• . A sphincter is\ ring of muscles going around the tube. ^Th^ -sphino-. 
. « ter between the esophagus and stomach opens when we swal^low, vomit 

■ or burp. The other sphincter, known as thepyloric valve, regulates . 
;* . the amount , of food that is emptied into the intestine. 

• . Vomiting is a reverse peristalsis. ' Stomac^ and even ut)per in- 
testinal tract contehts are forced back through the esophagus in 

'•Waves that go in jthe wrong direction. These waves force partly 
■ digested food to exit through the mouth. This process is coordi- 
nated by the brain. (Vomiting can serve a very useful purpose if 
/ / we .^swallow spoiled food.) " ^ . . .■ ■ 

What three features of the rn^uth are important in starting digestion? _ 
■ ■ . ■• ■ ■ ■ ' • ■ ' «. ■ • ' 

What are ^ the functions of saliva in digestion? 

. ■ . ■■ . -■ ■ :.■ ■■ 

What causes the "mouth to water?" . . ,1? 

. ' . whkt do amylase and p&psin . do? Where do they operate? .'^ . . 

. . . » . ' What is peristalsis? How do^ a peristaltic wave move? ' '"^ 

• ■ ' ■ ■ . - 

:. . , .* What do the glands in the lining of the stomach produce? 

- How mch digestion occurs in the stomach?, (much, little) 

What is the main function of the btom^h? .. 

* . . What prevents food from going back up into the esophagus? " 

What liseful purpose can vomiting serve? 

; . .' • rffhy doesn't the f6od we eat enter the trachea? (Hint: To answer this, • 

you may: \lirant to' review Ifiit If Section 10.) 

Vocabxtlary ; *' ' 

% /. ^.w tage (AM-ih-lace)- -a 'digestive enzyme that catalyzes the break^ 
• 'down of starch;' a carbohy.drase. 

,, ^^opha aus (eh-SAHF-uh-cTUS ) - the part o^ the digestive, tract betwee/ 
the mouth ^nd the stomach. 



• 1 



/ gastric juice W luid secreted by glands lining/ the ^tomach; it 
V contains HGJ., pepsinogen and mucus. 

gland— an organ that produces a sul^stance needed elsewhere in 
the body. • ^' \ , ' • 

pepsin (PEP-sln) — an enzyme^that. catalyzes the breakdown of pro- 
teins in the stomach? a proteinase. . . v 

peristalsis ■ (l>AIR-ih-STAiHL-sis)— a wavelike progression of alter- 
., .nating constriction and relaxation of muscles. 

. saliva (suh-LY-vuh) — fluid secreted by the salivary glands. ^ 

. salivary gland (SAL-uh-VAIR-ee) — -one of the six glands that secrete 
'■ saliva into the. mouth. 

se c ret ion ( s ih- KREE- shun ) a substance released by a gland. 

sphincter (aFINK-tur)- '-a ring of. muscfle capable of contracting to 
close of f. a passageway. , ; 



SEC*riON 6: . CASE .HISTORY:- PEPTIC ULCfcR * '.^ 

6-1 Case History; Female, Age 29 . 

Maria slammed down the telephone and reached into her, desk drav/er 
for a bottle of littld w!hite pills. As she popp^ a couple of them» 
the TV commercial ran through her mind. « Acid-Gone not only Relieves 
the acid in your stomach, it also has a gentle calmm.g agent that 
soothes irritated nerves." ■ " ^ 

She dropped the bottle' back into the drawer and sat back to wait^ 
for the pain in her stomach to stop. 

' She'd always had a "sensitive stomach," biii until recently she 
could settle it with a little bifcarb of soda. During the last couple 
of months her stomach had become a real promem. She was learning 
the iropes in a' new job, and it was twiceo^as hard because there, were 
a couple of men in the office who didn't like having a woman tell • 
them« what tb do. She intended to stick it out, but h^r stomach 
seemed to jpe staging a rebellion . • 

It was a curioiid kind of paiA. It usually- starred about an hour 
.before mealtime, and ten minutei|fl^ter she ate, (it wo^ld be gone. 
Around bedtime it would, start u* a^am, but a^gltss o^f milk would , 
make it go away . However , 1ihe^i?k seemed to* have an undesirable ^ 
side effect. In the last two monl^hs she'd put on ten pounds. 

» Today, though, it seemed different. When the pain, came on 
around elfven o'clock it v/asn't any wora« than usual, but she felt 
A little nauseated-didn't feel like fating. She was, a little 



\ 



sweaty, and when her secretary came in with a pile of papers to be 
signed she said that Maria looked pale. She felt anxious and 
fatigued at the s-ame time. } 



By the time she got home from work she was all'^in. She flopped 
on the sofa and tried to get some rest/. 

When her husband got home half an hour later, he was surprised 
to find Maria flat on her -back, 

: "Things getting worse at the off ice?" he asked. 

"Things are getting worse in my stomach, " she. said. "i Vm glad 
you're home.". She started to sit up, but she felt like she was , , 
about to faint and fell back again. . . , 

"Hey, you're really sick. What's the matter?" . ^ 

"I don't know," she said. Sh^aS surprised by the weakness of 
her voice.- "Call the doctor." 

*' "Okay." -He went into the kitchen to make the call, and . in a 
couple of minutes he was back. 

' ' ■ . ' ■ ■ ' ' ' * '. • 

"What did he say?" ^ " 

"Well, I "told him about your stomach pains, and about the" way , 
you look now, and he just said he'd„meet us at Center Hospital 
Emergency." , 



■ .■ * 
*■ ■ 



Dr Miller Quickly examined Maria. He noted that she was sweaty 
her hands and feet cold and pale, her blood pressure low— 80/6 0---and 
' her pulse about 120. He very gently examined het, abdomen and noted 
th^tit was soft, which Was normal, and not especially tender. He 
admitted Maria to the hospital's intensive care unit. 

" After examining Mariay Dr. Miller was Almost certain that she 
had a bleeding pejtic ulcelv Her history of taking^ antdcids like - 
bicarbonate of soda, and the fact that she had previously been able 
^ to relieve the abdominal* pain by eating, were typical of ulcer. 

And the appearance of mild shock— low blood pressure^ high pulse 
and sweatiness-fwithout any increase in pain almost ^^^^^^l 
• bleeding. ThatUhe bleeding originated in her digestive tract was^ 
confirnfed several hours Mter when Maria's bowel ijiovement was noted 
. to very/dark— almost black— and SNrhemical analy^s of her feces 
revealed^ tl>e presence |of blood, 

.' • h ■ ■■' • • • • ' ' * ■ • ■■■ • ' * 

• . ♦ . • '■ ■ . 

' ■ After two blood transfusions, diet therapy and some drugs, 

V Maria's condition quickly stabilized. Five days after h^r enpxy , 

■ , an. X-ray confirmed the presence of an ulcer* 
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6-2 Peptic Ulcer 



• What is a peptic ulcer and how is.rt treated? | 

As you may recall from your laboratory experience, HCl is a • 
potejit aci4. Fortunately, th6#tomach wall is equipped with a 
series of defenses to>rotect it from' the action of hydrochloric . 
acid. These include^ thet|ecretion of a protective mucus that we 
discussed in Section 5, the capability of the stomach lining^ to 
repair itself at a rapid rate, arid the fact that normally acid is 
secreted in quantity only when food is in the stomach.. 

A balance exists between secretion of hydrochloric acid, to 
digest food and the defenses designed to protect the stomach lining.. 
A shift in this balance may create a situation which permits the 
acid to digest the lining of the stomach. The causes of such a 
shift are not completely understood. The secretion of mucus may be 
inadequate to protect the stomach. In some patiejits e^icesses of 
pepsinogen and acid are secreted. In others, gastric secretion^may 
continue at a high level when food is not present in the stomach. ^ 
There is also evidence that -in some . cases psychological or emotional 
stress may lead to such an imbalance, although the mechanism by which 
this happens is unclear. When a condition is caused by psychologi- 
cal factors, it is said to be psychosomatic (psycho = mind, soma - 
body) . • ■ , 

I Whatever the cause of the imbalance between secretion and the 
/protective mechanisms in the stomach, the result jis often a lesion 
*or sore in the lining of the digestive tract. This lesion is what 

we call a peptic ulcer . The pain and burning associated 'With an., 

ulcer may be partly due to the hydrochloric acid acting on nerves , 

exposed by the lesion, , « 

A peptic ulcer may occur in the stomach, in which case it is 
called a gastric ulcer, or in the du odenum , in which case it is a 
duodenal ulcer. About 90 per cent oF-ilTu leers occur in the^^pper 
section of the duodenum. Gastric ulcers occur most frequently in 
the inne? curve of the stomach and in the area of the pyloric valve. 
Their occurrence in the outer curve of 'the ^omach and m the lower 
esophagus is less common. 

■ esophagus. 
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■ Television commercials which show a jtohiach bubbling with, too 
much acid can be misleading. Such commer rials are about acid iridi-r 
gestion.j not ulcets. Stomach acid, in nohnal amounts , is ess|ntial 
to the well-^being of the stomach. Recall that acid is Tequij||^ for 
the foritiation'of peipsin from pepsinogen and also that pepsin is 
effective' only .at an acidic pH. 

-""^ '••'.■/■:• ■ • ■ , ' 

■ How did Dr. Miller determine that Maria was suffering from a = 
peptic ulcer? He found two initial* clues in the history ;that she. 
gave him. The first of these was the fact that she obtained tem-v.. 
poterry relief from pain by eating, 'this |)ain-fo9d- relief sequence-, 
is much more commpri in duodenal ulcer than in gastric ulcer. This . 
is understandable because, not op ly does food decrease the effect . 
of the-^acid on the stomach lining, but its presence in the lower end . 
of the stomach and the duoderi.um also stimulates the release of fluids 
which neutralize the acid passing into the duodeium from the stomach. 
Because ^tients who have a duodenal ulqer obtaii! relief by .eating, 
they may eat more frequently tl^an normal. A consequence of this is 
that patients, with duodenal ulcer commonly ga^n weight. 

In contrast to- the duodenal ulcer, pain from a gastric ulcer ^ . 
may be aggravated by eating. This is thought to be dqe to mechani- 
cal irritation,: i.%. ,• rough food rubbing up. against the ulcer. In 
such cases the patient may lose weight because eating makes him 
uncomfortable. 



ther difference between the symptoms presented by duodenal 
ric ulcers has to do with the amount of acid and j?epsinogen 

patient 'secreted. In most of the cased of d^ddenal ulcer 
ent produces excessive amounts of. acid and pepsinogen when 
iMs stimulated. However, patients with gastric ulcer usu- 
rete normal amounts when tested. These findings reinforce 

that the cause of ulcet is not as simple as increased 
secretion," but is more complex and varies from person to 
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The second clue in Maria' s history that indicated an ulcer was 
her report fhat she obtained temporary relief of pain by taking 
antacids. This finding is common to both duodenal and gastric , 
ulcers. ' ■ . > " 

An antacid tends to neutralize the acid^of the stqmach. AnJ^ 
acids that .can B^e obtained without a prescription commonly coataln 
sodium bicarboni^te (liaHCb3) . Bicarbonate ions convert hydrochloric 
acid to carbonic acid by th| following reaction. , », 



HCO-,~ + HCl 



Part o£\the carbonic acid formed dissociates to carbon dioxide and 
water aSd the overall effect is to reduce the acidity. Although, 
such Antacids dnelievevsymptpms, their prolonged use is not recom- 
mended? Bicarbonates arW absorbed into the blood, and here they 
may neutralize hydrogen i<j)nS by ^he reaction 

. .. 



H 



+ HCQ3 H2CO3 



You may remember the importance af the hydrogen ion concentration 
(pH)_bf th0 biopd in controlling breathing* Excess bicarbonate in 
the blood lowers the hydrogen, ion concentration and raises the pH. 
The. condition of high blood pH is alkalosis. (Respiratory alkalosis, 
was caused by Tom's hyperventilation.) Because constant* use of bi- 
carbonate' antacids can lead to alkalosis, dogtots usually prescribe 
an antacid that remains in the digestive tract and is not absorbed 
into the blood. 

The other symptoms exhibited by Maria when she Was admitted to 
the hospital, low blood pressure, sweatiness and cold hands and feet, 
indicatJe mild shock, a condition often caused by loss of blood. The 
doctor 'illrfeady suspected an ulcer from the temporary relief provided 
by eating and antacids. The symptoms of shock si^ggested to him that, 
blood wc^s being lost. That the loss originated in the digestive 
tract wis confirmed by the analysis of Maria's feces, which were 
darker than normal because of the presence of digested bloc^d. Maria 
not only had an ulcer, she had a bleeding ulcer. Rleeding occurs^ 
when the ulcer damages the lining of 'a blood vessel. 

The presence of sa. peptic ulcer was confirmeci by an X-ray. Be- 
cause the digestive'tract itself does not normally show up on an 
X-ray the patient d's given a drink of barium sulfate ^^which coats . 
the digestive tract. Since barium sulfate appears opaque in the 
X-ray, it is possible to visualize the digestive tract by using this 
method. Defects in the stomach wall or duodenum can sometimes.be 
demonstrated by this process. 

Once an ulcer has been diag-i^osed, treatment is begun. The ob- 
ject of this treatment is to relieve pain and to hea^l the ulcer. 
Antacids are usually the primary medication used. Antacids relieve 
pain quickly and neutralize the excess acid that sometimes causes . 
ulcers. As mentioned, before, antacids that do not rely on bicarbon- . 
ate ions are preferable. Also because the stomach is constantly 
emptying its contents into the duodenum, antacids must be given at 
ghort intervals (about one hour) to insii^-e their continued effective- 
ness. In the case -6|^, an ulcer in which hypersecretion is present, 
a drug may also be given to suppress gastric secretion. If emotional 
factors are thought to be significantly involved, tranquilizers may 
also be prescribed. ' V 

Caffeine and alcohol are generally prohibited for ulcer patients, 
because both of these drugs ar6 known to increase gastric secretion. 
In addition,^ cigarette smokihg is banned. For some linkpown reason, 
smoking, retards the healing of ulcers. . 

The effectiveness of special diets in the treatment of ulcers 
is questionable.* HowBv^r, .when employed, dietary treatment is in- 
tended to neutralize%xcess acid and to^enciourage healing by avoid- 
ing foods that irritate the ulcerated area. Several small meals 
aye preferable to a few large meals. Large meals stretch the stom-^ 
ach and cause greater secretion 6f gastric "juices . Many small meals, 
however, result in food being in' the stomach , a greater percdni^age 
of the time. This is particularly helpful in the. case, of duodenal , 



ulcer for reason^ stated previously* Smaller meals also reduce the 
irritating effect that food may have on gastric ulcers., . . 

Peptic: ulc^r was traditionally treated with a diet that empha- / 
^Sized drinking milk .and cream many times a day. These foods are 
rich irt fat, and the presence of -fat in the stomach causes food to 
jDe .yetained longer bef or||j it is released to the duodenum.. 

'Despite the possible benefits of a diet including the frequent 
consumption of milk and cream, this practice is no longer reqommended 
for ulcers. Excessive milk and cream result in a diet that is too 
high in calcium and fats* Such diets may lead to other medical 
problems. ' 

It was assumed for many years that a diet of mild foods (a 
bland diet) was preferable to a more, normal diet. , Hbwever, recent 
investigations discount this theory. It has been shown that the , 
rate of recovery of peptic ulcer patients with normal diets is not 
significantly different from the recovery rat^ of patients with 
bland diets. 

The current attitude toward dietary treatment of peptic Ulcer; • 
is to suit the diet to the individual patient. Specific foods that 
irritate a patient's digestive tract are excluded. 

Surgery is required in only a small fraction of 'peptic ulcer 
cases. It is used only if th^ patient has, suffered frequent recur-, 
r^ces or complications. The preferred surgi9al treatm^t. is re-, 
mJval of part of the stomach. This no^: only rids the patient. of 
the ulcer but decreases the .number of gland cells secreting acid _ 
"and pepsinogeri- which may decrease the chance of a recurrence. If 
the doctor feels that emotional factors are the predgmmant. cause, . 
he may recommend jbhat" the vagus nerve be cut. The reason for this 
is that emotions^such as anxiety, etc., can cause secretion of gas- 
tric juice. Th^ vagus nerve is the pathway by which the nerve 
signals are t^nsmit^ted to the stomach. 

Peptic uicer is one of the more common disorders of modern 
America, between lO" and 15 per cent of our population at onq time 
or anothe/suffer from ulcers. Duodenal ujjcer is most common between 
the ages of 20 and 50,^ while gastric ulcer may occur at any ^ge. 
Peptic ulcer is the fourteenth most £,requent cause of death in the 
United States, being responsifold for 0.5 per, cent of all fatalities. 
If an ulcer remains untreated, it may eventually penetrate through 
the stomach wall. This is called, a p,ferf9ratioh (opening) f ^It is 
an. ektremely serious complication and can result m death if not 

treated promptly . ' > 

■ • . ■ ■ . > ■ ■ ■ . ■ 

. . HOW is the stomach lining protected from the action of HCl? _ , ^ . 

.' , ... ' ' • '■. ■ > ■ ■. . • ■ ' ■ . . . ' . 

What is a psychoMomatic illness? 

What is a peptid ulcer? In which two organs does it occur? ^ • ^ 



, . • How antacids reiieye i±e pain of a peptic ulcer? Why is it a bad idea 

f:Q use antacids frequently without consulting a physician? ' ; 

What kinds of treatment may be used with ulcers? . . - . <• 

Why was Maria a good candidate _ for an., ulcer? • , ■ • ■ 

Since caffeine should be avoided in cases of peptic ulcer, what beverages 
should he eliminated? _ 

Vocabulary ; * . — . . 

duodenal ( DEW-b-DEE-nuX or dew-OD-en-ul) —pertaining to the duodenum. 

duodenum (DEW- g-DEE-^num) — the first pa,rt of the small intestine, 
beginning at the pyloric valve. * 'v , 

lesion (LEE-zhun) ^a sore or wound. ' ^. 

peptic ulcer (PEP-tik) — a lesion in the lining of the stomach or ^ 
, duodenum. . : . 



psychosomatic (SY-ko-so-MAT-ik) ^-caused by psychological factors. ^. 

IeCTION 7: DIGESTION IN THE 'DUODENUM 
7-1 From the Stoma ch to the Duodenum 

• : ■ ■ ' P 

. . ■ . . . . . • ■ o 

What ' conirols the tTate at which J:he stomach empties itself? 

' We have traced the digestion process from the mouth to the 7. 
stomctch. Yet food is far from digested when it exits the stomach. 
After leaving the stomach, partially digested food enter? the first 
25 cm of tbe, small intestine, known as the duodenum. The process 
of digestion does not gain "full steam" untir the food .reaches^this 
region. • In; this and the next section, we will examine what happens 
to food in the intestines-. / 

/ You may recall that food enters the duodenum through a sphincter. 
Called the pyloric valve (Section 5-3), The partially ^digested food 
in the stomach, called chyme , is mix^d and moved along by a series 
g)£ peristaltic waves, similar to those of the esophagus. When a^^ 
wave of 'contraction reaches the pyloric valve, it too contracts and 
squeezes a small amount of the i^yme into the duodenum. The jate 
:at\hich .food jnoves out of the stomach is determined by thj^strength 
of these contractions. When the ^contractions are stro*ig, the vf ood 
enters the duodenum more rapidly. ■ , ' . 

But what, controls the strength of the contractions? One factor 
ils the amount of chyme in the stomach. But the most important factor 
it the chemical composition and the amount of chymerin the duodenum. 
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Protein, 4at, acid and even the pressure exerted by' the chyme stimur 
late glbands located in the walls of the duodenum to secrete hormones. 

Hormones are a special class of secretions that are released ' • 
into the bloodstream and are carried by the^blood to other organs 
where they have an effect on the functions' of those organs. (The 
secretions of the salivary gl^ds, for example, are not hormpnes; 
because they are released directly into the mouth, rather tWan the. v 
bloodstream.) 

- Thus' the d,uodenal hormones are released not into the duodenj^m, 
but into the blood* Som6. df them are carried to the stomach, where 
they act on- the nerves that control the contractions of the stomach, 
causing the contractions to become weaker. \^e will see shortly that 
these hormones have other effects, as well. 

' ■■ ■ . ■ ' ■ ■ .'■ 

Fats in the duodenum are especially effective in slowing down 
the emptying of the stomach. For example, a high- fat meal, such as 
eggs and- milk, may take more than six hours to pass out of the, stom- 
ach, while a meal cf protein and carbohydrate may take less -than-^^ 
four -hours. This is a useful adaptation, since fats are digested 
and absorbed more slowly than most other components pf food. 

7-2 How is pH Regulated in the Duodenum? 

One of the enzymes active iri the duodenum is amylase, which you 
may recall breaks down starch into sugar. Amylase is active m the 
mouth, but becomes inact^ive in the stomach because it functions only 
at pH values near neutral. The chyme entering the duodenum from the 
stomach is acidic. How then can starch digestion occurm the 
duodenum?/ . ■ ' . 

The answer; once again, lies with the duodenal hormones. 'They 
are carried in the blood not only to the stomach, but also^o the^ - 
pa ndreas l The pancreas is an extremely active gland. In response 
to the dAderial hormones, it secretes up to about 2.5 liters ot 
pancreatic juice each day into the duodenum. One of the functions 
of this juice is to regulate the pH of the duodenum. 

The pancrLatic juice contains a high concentration of bicarbon- 
ate ions (HCOf). These ions react with the HCl in chyme to^fo^m 
carbonic acid (HpCOo) and chloride ions. Since carbonic acid is a . 
Such wea^r acid^hln HCi; the^bicajbonate helps to neutral ize^the 
acid ori^nating in the stomach. This is similar to the action of - 
antacids used, to treat peptic ulcers. . / 

' V Hi:03~ +|fci V H2CO3 + Cl~ 

' • . * ' ,*'■ ••. 

7-3 The L jyer - * * 

■■• ■ - . )..- ■ 

' What is the role of the liver in the digestiv^^ 

The liver is an extremely Urge organ. Weighing about 1^00^9' 
it represiHti"about two per cent \of the total body weight in adults 



The liver lies beneath the diaphragm and is mainly on the ra.ght^ 
side. It is divided into four lobes, the right-most lobe accounting 
for two- thirds of its weight, and the smaller lobes the rest.t . The • 
liver is 'surrounded, and protected by the ribs. 



liver' 



gallbladder 




to colon 



duodenum 



Several Digestive Organs 



The liver is one of bur most important organs and serves us 
in a varie1:y of ways. The livqr may be viewed as a f^^tory-that 
produces many chemicals essential for life. For example, this ^ 
nraan is= the maior site of cholesterol synthesis. In Section 2, we 
considered evidence linkLg cholesterol to ^^^^^ ^'^^J^^^^' 
est amounts of cholesterol are necessary for us to f^^^^ion. Cho 
leste'roris a 'component of the membrane that surrounds each of our 
cells! Moreover .cholesterol is converted in the body to many other 
needed compounds. . » 

Another important function Of the liver is to convert^ome ^ 
poisons ^n fooS'^into less harmful compounds, that are easy to excrete. 
This is called detoxicatjon . ^ •. - 

one of the most significant cW^ibutions of the. liver \he 
diaestion process is the production ot a substance called bUe. 
&is needed for the breakdown of fa^ in the duodenum. \ ^ 
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l^A Bile, and the Solubility of Fats ' • 
How does bile help, to digest fats? 

Once the pH in the duodenum has been adjusted, a whole series 
of digestive enzymes released in the pancreatic • juice can begin to 
catalyze the l^reakdown of proteins , carbohydrates and fats . 

The enzyme that breUs down fat is called a lipas^ because., 
chemists classify fats with a gi^oup of substance's called lipids. 
Lipids are. not grouped together because of chemical similarity, but 
:rather because of similar solubility properties— they arfe insoluble 
in water and soluble in many organic solvents. This solubility 
property of fats creates a problem in digestion. 

' Since fats are insoluble in water, they separate from -water as 
oil separates from vinegar.* On the other hand, lipase is soluble,^ 
in water but not in fats. The problem confroQting the body is^to 
maJse a large area of contact between lipase and fat; if they are not 
in contact, lipase cannot catalyze the breakdown of fat. . . 



Oil and fvinegarCfS^ii be mixed by shaking; however, the movement 
of food in the duodenum is not /vigorous enough to mix the water lay- 
j^ ayid the fat layer. 

TWO insoluble liquids cap be caused to mix by forming a^ emul- 
sion. An emulsion is a systeiti in whidh one liquid is suspended in 
iHSTher. A substance that cuases one Mquid to form an emulsion in 
another is called an emulsifying agent . V An emulsifying agent pre- 
vents two liquids from forming separate layers by keeping one dis- 
/persed iti small droplets in the other. Water and grease form sep- 
arate layers, but soap ^causes gre|se to f6rm an emulsion; this is 
why soap is used to wash greasy dishes. \ 

An emulsifying agent in 'the duodenum caUses fat to fprm small 
droplets. The emulsifying agent is bile, theVsubstance we discussed 
in the section on -the liver. Bile is producedXby the live? and then 
stored in a pear-shaped organ known as the gallMadder.^ ^ ^UJf^^muo 
recognize" this organ- as Ihe place where gallston^ are formed^) The 
gaiXbXadder lies close to* the right lobe of the liyer and holds up 
to about 45 ml of bile. . ' \ . 

When fdod, especially fat, enters the duodenum,. W of the hox- 
moneg secrete<< by the duodenum travels through the bloo^to>the^ 
gallbladder. /The hormone causes the gallbladder to cojitXact and 
empty its stbred bile into the bile_duct (see figure, p.Jf?). 
Ss Irom^the gallbladder to the duodenum. There . the bi^^ causes 
large fat drops to separate into small droplert:s. As you may\recall 
from the discussion of alveoli in the Respiration Unit, many 
objects have a greater, total surface area^than an. equal volume^ j 
large^bjeets. This is also true of fat droplets. The darge nu^er 
of sMll droplets in the emulsion have a greater area o>co"tact \ 
with-fipase than a smaller number of large droplets woilld. The re- 
sult is that fats are almost completely broken down by lipase in th< 
X duodenum. . ■' 



Why are. the secretiohs. of the salivary glands QOt classed as hprinones? 



' Wh^ characteristics Of the chyme in the duodenurn work to slow the. emptying 
of ■ the stomach? Sfhich oomponent of chyme is most effective in retarding stomach 
\ ' emptying? . .... 

V . ■ ■ J '. . ' ■ . ^ ■ ■ ■'■ ■ 

» What are, some Wiethe important substances produced by the liver? What are ^■ 

the functions' of these substances? > . v 

. ♦ ■ ■ ' . . ' 

• \ 'whpre is bile produced? Where is it stored? How does bile contribute to ■ ' 
/f^ m^estipn? ' ' ' ' 

What is the. function of the pancreas in ^igestion? . 

What causes the pH to drop in the stomach? What causes it to rise in the t 
duodenum? ' • \ ■ i 

What role is played by the duodenal hormones in the digestive process?. . ^ 

Vocabulary ; " , 

bile— a fluid produced by 'the liver and stored in the _ gallbladder; ; 
— ^*it is secreted into the duodenum^ where it aids in tWe diges-^ 
tion of fat. ^ - ' 

bile duct— a tube through which bile passes from, the liver and 

gallbladder to the duodenum. . , > > ' 

yme (KYME)— partially digested ^ood. • ■ ' _ 

■ r^Vhoxicati on (dee-TOK-aih-KAY-shun) —the prdcess 'of converting a . 
harmful compou nd into one that is less poisonous ana more 
easily .excrO^ted. ■ ' ■ ' , 

emulsion (ee-MUL-shunV — a mixture of two liquids in which one 
liquid is disperse d "in smaj-l drople-ts thoughout the other. 

■ " ■ ' '. , , . - ■ ' " .■ - . . ' ' ■ ' 

emulsifvinq aqent— a substahfae that causes two liquids , that do not 
n(ix well to form an emulsion.; ^ ' a. ^ r; ' 

aallbladder— a hollow oVgan located just benbath the li^r; stpr^f 

bile. , ,■ ....... 

hormone— a substance produced by a gland a:nd tran8port,ed iwjthe ; 
blo odstream to other parts of 'the body, where; it caused an , 

! '•■ .effect. . . - ■ . ■ ■ o''- ' •-■■/■•.' ■^^ '•• ■ 

■, ■ . .;■ ■•■ 

'lioid (LIP-id)— a group of compounds, including fats, that are,: . : . 
■ insolubie in water but soluble in many organic solvents., 

liver— a large org^n located, befteath* the diaphragm and surrounded .^-^^ 
by the ribs. • • • ■. ... . * ■ ' . ■>. •■•• .■'"• 

n«nc.r eaa ' (PAN-kree-ug ) -a gland that secretes digestive enzym^s^ ^ 
. and bicarbonate >ons into th& (^uodenum. ^ « i 

.• • ■• ?' ■ , . ■ • ■ ■ . * ■ ■ I , ■• ' ■ ■ ■■ ■ . •'. '. • 

, ■ ■ ' ■ ■ • ' ■ f ■ ... ' . ■ " 
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SECTION 8: DIGESTION AND ABSORPTION IN^ THE INTESTINES : 
8-1 . Dicrestion in the Small. Intestine . ■ \-\ 

mat must happen J..n the small intestine before absorption can occurT> 

In ^the previous sfections, we have followed the breakdown^of . 
food as dt, progressed down the digestive tract. We have almo«^., 
completed' the discussion of digestion. / ^ 

The chyme, as i-t passes from the duodenum throiigh /the small 
intestine, contains a mixtur^e 6f digestion product's. /The fats are 
completely digested and are ready to "enter" the body. (In a sjnse, 
all of the digestive tract may be considered to., bg .outside the body; 
It is only When' the nutrients pass through the lining tof the diges- 
tivfe tract an^i enter the bloodstream that they are truly part of the 
body.) While the digestion of fats is complete, proteins and carbo- 
hydrates' are not completely broken down. What we have- in the small 
intestines is a mixture of different-sized fragments as^ndicated 
schematically in the table. . K 



tiompon,eht5 of Chyme 
in the Small Intesl;ine 


Symbpls 


X ' 


X - fat breakdown 
products 


S + .S-S^+ S-S-S + y 

^ \ — — >✓ ' — • — < 

complex "Carbohydrates , 


S = sugar 


1 ^ . , . 

A '+vA-A.+ A-A-A + . 

fragments of proteins 

a ''V_''lt ' ' ' ~ 


A =^ amino xacid 



tine. rnis juice cviiuaxix?? cii^jfiu^^ in***w** ^^^^^^ ^— ^ , , 
hydrates that ar^ not fiJ^lX brok^ 0own. tn addition, enzymes are 
secreted tX5 complete digestion of proteins. P.eristaltic waves ^ 
'slowlv move 'chyme through , the small intestine just as similar w^yes^ 
carried food down the ^so^hagus. Moreover, contractions regularly 
occur along the intestine. These contractions, in the form of rings 
separate the intestine into small segments '(see Figure 1) . The . ^ 
seamentatipn helps to bring the digested food into close contact 
wi?h ?he iining of the intlstin^. This is important -because^absor^^ 
tion of digested food, intoi the body begins , in the dmall intestine. 
Absorption is the transfer of nutrients across the intestinal wall. 
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' FIGURE I? Segmentapix>n in 



^fc|||^ff(nall intestir^e. 



1^ 

•."6 



i 



. . . 8-'2 " lODSorption ,pf Nutrients ipto the Body . • . s ■ 

. . \ " is body adapted /for absorption^^^^ 



Figure »2" shows a cros^-sectipn of the small intestine and an- *' 
- lexpanded view of a small section of the intestinal wall; The walls 
• of the small' intestine "are lined with' millions of tiny hair-like . 
' projection? called^ villi from the Latin- word for "shaggy hair. " 

<The singu:\.ar is "villus. ") These villi are ibout^ millimeter long. 




have anbther Icey fundtlon, for they are the'.site of absorption,; 
Note the' irregular shape of ^the intestinal wall lin Vigure 2^.'\. Ho^lr . 
is Is^is irregular surface adapted "to absorption? . ... 

*•'•♦.•■ . ■ r "» . ■ " * . k • . 



outer laye 



villi 



inner lay& 



J 




smll blood vessels 



cells involved ^ * 
ill absorption 



1 ympba ti c . vessel 



FIGURE .2^ A 4* Cross-section of small <^ intestine . 



B9> Interior structure of a villvls. 



^ ' nutrient molecule passes through cells lining a villus 
(Piqure 2B) . Amino acids and sugars enter the blood system Vil^f , . , 
'small blood vfessels (capi^llaries) • The<?e capillaries lead to laifger 



vissels. Eventually; these vefeels carry amino ^^^a^^ throughout, the 



body . 



' The digestion produils of fats, however, follow a different , 

route. Once insi'de the cells of the villus, the breakdown products 
. recombine into fats. The fats, which are not soluble in wate?:\,* 
collec^'^ntQ tiny droplets and enter the ^mall vessels of the l^mr 
phd^r^ystem/ The lymphatic system gets its^ name »from the clear, 
^ fluid It carr ies,, "lymph.". The path taken by the digested fat after 
it enters the lymphatic system will be treated m a later unit when 
. we" discuss the lymphatic system in some depth.. . . . . 

^tpats^are an .exception to |phe. rule that digestion ma^es molecules. . 
water soluble... ^ . * : 
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Those vitamins that are water soluble aire absorbed into the 
blood'fr|jystem^ While the others ^(^he fat-soluble vitamins) are ab- 
sorbed, into the. lymphatic system* The fat-soluble vitamins, are not 
absorbid efficientiy unless bile is present to emulsify them; . For ■ 
this reason, a la^k of bile can lead to a vitamin deficiency even 
in a. diet rich i;! vitamins. ' 

By the time chyme reaches the end of the small intestine, most 
nutrients have Jpeen absorbed into the body, but the digestive pro- 
cess has not quite been completed. The chyme is soaked with water, 
that has come to it" from the blood supply. This water must be te- 
-absorbed by the body. This Is accomplished in the next part of the 
system, the large, intestine. • - . 

8r3' The Large Intestine " • ' * 

r" ' '. '■ '■ .■ . «. 

■' How is water reabsorbed? What happens''to food that cannot be digested? . 

. ..^he large ijntestine is only about 1.2 m in length (Figure 3) . 
ft. is much wider (about 6 cm in diameter.) than the small intestine, 
thus its descriptive name. Litt;le actual digestion, takes place in 
it r- -* The walls the large intestine- do not have villi and .the 
large intestine secretes no 'digestive enaymes. Yet it p^lays a sig- 
nificant roie in the digestive process. Its main function is to 
re-absorb vater from chyme. It also stores and releases feces. 



to rectum (this, out) 



large intestine 



small „intes tine 



..I 




food enters 
here 



appendix 



• FIGURE 3: Junction between the large and small 'intestines . 



Chyme passes from the small intestine into the large intestine, 
.only at intervals. This is regtilated by a spt^ihcter at the junction 
of the two intestinal structures, which opens when the stomach re- ^ > 
ceives a meal. The appendix is below this *>oint (Figure 3). Appen- 
dicitis is an Inflammation of the appendix. It may result from 
blockage or from an infection. When, an appendix is surgically re*- , 
moved before the appendix breaks, recovery is alrnost certain. Re- 
moval of an appendix (appendectomy) is a routine operation. If, 
however, the appendix breaks, feces, are released into the body cav- 
ity. Such waste material can cause an inflammation of the membrane 
that covers the digestive organs and lines the wall of the abdomen 
(peritonitis). Thus, an early removal of the inflamed appendix !? 
important. While surgery always entails a risk, it is safer to 
operate than to risk peritonitis. , . 

Chyme " remaiSs in the large intestine for a long time. Peri- 
stalsis there is* ve^y slow, allowing time for water absorption. 
The substances that remain constitute the feces. ^ 

Feces contain undigested materials, and discarded cells from 
the digestive tract. Although the body jealously absorbs water from 
chyme in the large -intestine,' fortunately the feces are^ still about 
70 per cent water, (If our wastes were , too dry it would be. painful . 
and difficult to defecate.) 

' ' ■ ' ■ ■ >; ■ . • 

Feces are passed to the last portion of the large intestine J 
known- as the rectum . This structure ;is about 12 cm long and ends 
with a sphincter called the anus . 

Digestion is a complex process that takes place in a number of • 
stages and at diffe^rent sit^s along the* length of the digestive 
tract. The table, oh the next page provides an overview of the com^ . 
plete process. 

, , mat is "absorption?" At what point in the digestive' process is food 
ready, for absotption? . . . 

.Describe the chemical nature of the, nutrients when they arrive in the 
small intestine. * •' 

What is secreted .in the intestinfl tract? Compare this fluid with other 
fluids secreted elsewhere in the digestive tract. . - 

What propels the chyme forward in the. intestines? Where- else Joes this 
kindi of motion occur? 

: What role' do villi play in digestion? How are they adapted for their 
function? • ; . N ' 

Which nutrients enter the capillaries in the bloodstream and which-* go 
' ihto the vessels of the lymphatic system? ' , ^ 

How do t^e small and large intestines, differ in struct^ce ^nd function? 
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SUMMARY OF DIGESTION V. 
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Digestive 
Structure 


Mechanical 
Action 


; -Fluid (s) 
Secreted 


Enzymes 


_ — ' ' ' \ ^ .7 ■ • 

Digestion of ^ 


Present # 


Proteins 

^ — ir- — 


Fats 


Carbohydrates 


Mouth 


chewing 
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■' \ . 

saliva ' 
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salivary 
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"l .. . 
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Where is water jt^^bsorbed from the chyme? . \^ 

. What i SiVPeri(iicitis7 How miyht a ruptured appendix lead to peritonitis? 
Vocabulary : •■ . '' ■ ' \ \' 

absorption (ala-SORP^shun) the passage of substances from lihe (Jigfes- 
— tiVe tract into the blbod^eam or lymphatic system. 

anus (AY-^nus)— the sphincter which serves to close off thft irectvurr; 

appendix— -a structure near the junction of the. smal], and large, v;^^ 
intestines. . . , 

feces (FisE^seez) — exc!retions from the intestine containing undi^ 
y. gested food. 

lymphatic system (lim-FAT~ik) — the system for transport of fats 
and fat-soluble vitamins. 

rectum- -the last portion of the large intestine. 

villi (ViL-eye)'— minute projections of the wall of the small intes- 
~" tine; site of most absorption of nutrients. . . " i 



SECTION 9: DISORDEI® OP THE DIGESTIVE SYSTEM 

9-1 . Hepatitis 

What are the two forms pf viral hepatitis? 

There are many important medical problems related to the di- 
gestive system. We have already referred to heart diseas^ ^and pep- 
tic ulcers, in this section, three major illnesses related to tjae 
^digestive organs will be discussed, along with a number of minor 
complaints. / • ' 

Hepatitis is becoming increasingly cpmmon in the United States, 
and i^ conside^fed: first. "Hepatic" means "related to the liver . 
The suffix "-itis" means ••inflammation" so hepatitis ife an irffllam^ 
mation of the liver. Incidentally, many seemingly difficult mfedical 
terms become easy to define if you tak'e the words apart. For %xam- , 
pie, what is "laryngitis?" " . ' , 

Hepatitis may be causecj by certain chemicals, drugs, bacteria 
or viruses.- We w^.11 direqt our attention to inflammations ^caused 
by viruses, or v^ral hepatitis, fhere are actually two different 
kinds of vira; hepatitis.^ One is^alled "infectious hepatiUs" • 
uand the other is "serum hepatitis." Both types are increasingly 
^impor,tant health prbblems iV this country. . ' 



■ Iri a sense, the term "infectious" may be a little misleading. 
Both ace infectiou^--they can be passed from one individual to 
another. But they/ are caused' by different viruses and the viirus 
that causes infecbious hepatitis spreads more easily, explaining 

r '. its name. . On the /other hani^, serum hepatitis can be. spread only 
via serum , explai/iing' its n^me, ^ (Serum is the clear fluid that; can . 

* "-be extracted from clotted bldd.) 

Infectious hepatitis is transmitted when the food or water 
consumed by a pJrson has b.6en contaminated by even tiny amounts of 
the virus from i previous victim. This virus. i^ found in feces, 
urine and blood! It is most likely to spread as a result of unsan- 
itary food handling. Infectious hepatitis may also be transmitted 
through. contactf with contaminated blood. For example, you could 
get iinfectious (hepatitis from a blood transfusion. Because of its p 
transmission through fpod' and ^ater,.. infectious hepatitis may occur 
as an epidemicJ . .• 

* .. ' I . m 

Infectioui hepatitis is probably more common than thought be- 
cause most cas©s a're mild and usually go unrecognized. However, a 
. mildly il^persson can give someone else a severe case of hepatitis. 

' In contract with the infectious hepatitis virus, th^ serum 
. hepatitis virufi can be transmitted from one person to another only, 
through blood. ' For this reason, epidemics of serum hepatitis are 
unlikely to ociur. Cases can often be traced to a transfusion from 
an infected person via a bloot bank. One outbreak was caused by a 
doctor who did hot sterilize, a syrif\ge and infected 40 . patients^ 
but this sort Of occurrence is very rare. More often, serum hepa- . 
titis is passed to only one person at a time. For example , a drug , 
user who shares a needle with a friend'may also share hepatitis. 
At one tiiqe, tattoo parlors were a frequent . source of serum hepa- 
titis. • However, with better sterilizing techniques and with laws 
regulating, these "parlors, tattooing has become much safer.! 

People infected with infectious hepa^tis deyelop symptoms 
two to six weeks after the virus enters their bod^y. Serum hepa- 
titis takes longer to be noticed— from six weeksr to six months. How- 
ever, the symptoms of the two types of viral\ heE^atitis are almost 
identical. In 80 pet cent of infectious hepatitis cases -and 20 per 
cent of ^serum hepatitis cases the first signs', are symptoms such as 
fever, fatigue and loss of. appetite that cannot be attributed to a 
specif ic^disease. \ Headaches and disorders of the gastrointestinal 
. tract, Hch as diarrhea and vomiting, may. also occur. It is also 
of interest that mafi$' smokers develop a distaste for- cigarettes 
at, this -stage. -J" . ^ 

The symptoms could indicate many disorders. However,: as the 
disease progresses, symptoms develop which are more specific for. . . 
' hepatitis. The f irst^ of these is that the person' s. urine tv^rns 
dark yellow. T^e second symptom is the condition known as 
jaundice . Jaundice i^ characterized by a yellow color in the 
skin and the |?hites of\ the ey^S. . ■ 
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Jaundiae and dark yellow urine are both caused by an excess in 
the blood ol a pigment called bilirubin . Red blood cells are con-^ 
tinually breaking down and being replaced. When they for eak down, 
•hemoglobin molecules within the cells also break down. One product 
of the breakdown is the yellow-colored substanOe bilirubin. 

. Bilirubin is carried by the blood to the livers One of the 
many. functions of a healthy liver is to filter bilirpbin fr6m the 
blocArsystem. Bilirubin is released by the liver to the gallbladde 
along withlbile, aJnd subsequently secreted ihto thfe duodenum. Bil 
you may recall, is needed, to emulsify fats, but bia^irubin has no 
function ih the process o)f digestion » It ajs secreted into/ the di- 
gestive tract to remove it\ frbm the body. It is bilirubiri that ex- 
plains the jpiormaX dark *co lor of feces. 

When a ^person is suffering from^hepatitis, hi$ liver/ cells ar^ 
under attaclc by the virus. A large number of cells are inflamed and 
many of them die. Because the liver is damaged, .it may be unable to 
remove bilir;ubiln. As a reiult^ excess bilirubin accumuJiates in the ^ 

• blood and ^venUialiy ends, up in , the tissues, where Its giresence pro- 
duces the yellow color known as jaundice. Excess bilirubin may ^ 
also be excre^ted in the urine, giving it c| dark yellow fcqlor. 

* . . - ■■■ ■ * ■ * ■ j ' ■ " 

When making a diagno^Bis of hepatitis , a doctor will inquire . 
whether the patient has been exposed to hepatitis. He/ will con- 
duct a physical examination, noting whether th^ liver /is enlarged 
and tender, and whether the^patient is jaundiced. Thdn a member 
of laboratory tests will be performe.d. The patient's blood and 
urine will be ixamined for. the presence o£ bilirubin. [ Tests r^ay 
also be done for certain enteymes in 'the blood that stfem froyi the 

breakdown of li^er tissue.. :\ * 

. ' ' ■ . V . ■ ■ . . • 

Unfortunately; tio ^rug is known to destroy the vfLrus that 
causes either type of hepatitis. N9 treatment is effectitye in 
curing hepatitis. The /(tiver must recover on it 1^ own. In .order to 
make it, easier for the liver to recover, certairf .'substances that 
irritate the liver are-'' avoided. Among these substances are alco- 
hol and most drugs. It is important that the hepatitis victim be 
provided with A-good diet during recbvery. Sufficient protein is 
of particular importance to provide adequate supplies of this nutrir 
ent for the repair of damaged liver tissue. Of course, any food 
that causes- gastroirttestinal distress should be avoided. ' 

A person who has had infectious or serum hepatitis becomes 
immune to a |econd attack of this disease for a few years. Immunity 
results from manufacturing , blood proteins known as antibodies. Anti- 
bodies are very specific for a given disease; Thus, av victim of in- 
fectious hepatitis is not immune to serum hepatitis, nor is a per- 
son who has had serum hepatitis immune to infectious ^epatitis. 

A person suspected of having recently been exposed to a hepl- 
titis virus can sometimes be protected by receiving ar| injection 
of a miHure of blood proteins from a large number of different 
dono:^s. Such mixtures of "pooled" l?lQod are maintaina® at^blood 
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banks. Pooled blood may include samples of b-lood proteins from 
10,000 or more donors. The assumption is that some of the donors 
will have . recuperated from infecti,pus hepatitis and. will have anti- 
bodies in their blood. In actual experience this treatment does 
not prevent hepatitis, but lessens the cl>ance.x>f serious liver 
damage. ♦ ^- 

• • • . . . ■ . . • 

9- 2 Gallstones . . ' . . 

How are gallstones detected? v 

IDh order .to understand the problem* of qal]Lstones , it. is neces- 
sary to review the anatomy of the digestive trict in the area of 
the duodenum. The parts of the anatomy that' are relevant are the 
duodenum, liver, gallbladder, pancreas, and particularly the ducts 
connecting them. The are illustrated in the following diagram. 
(This is a schematic diagram; .the organ sizes are not realistic. ) 




Organs^ Related' to Gallstones \ 

■ » Gallstones are masses of solid matter that form in the gall- 
bladder. As you may •recall from the laboratory, they are most com 
monly composed of cho;Lesterol , bilirubin, bile? salts -and calcium 
salts. It is not known why gallstones form, but it is known that, 
women have a greater tendency than men to develop gallstones, and 
that the/ develop more frequently in_: individuals over 40 and m . 
individuals with diets high in fats and calories. A ,pei\son may 
•have one large stone jor as many as 20f spnall stones. \ 



\Haif of the individuals with gallstones show no symptoms. _ The 
o'thers may have mild symptoms/ such as belching or a feeling of be^;. 
ing bloated, or -they may experience extreme pain. Pain is caused 
by the passage of a ston^ through the, cystic and. common bile ducts, 
or by a stone; becoming lodged, in one of these ductsy Pain is most 
likely jto occur after a meal , because it 4s then /that the gallblad- 
der is, tetimulated to release bile .to the. duodenum^^ ^ 

OKstruction of the common bile duct also prevent;s 'bilirubi^ ; 
from bfeing excreted. As indicated in -the discussion of hepatjtis, 
when bilirubin is not excre-ted, -it jaccumulates. in the blood. The . 
accumulation of b*ilirubin in the blood causes jaundice. A positive - 
diagnosis of gallstones can sometimes be made with 5^- ray using 
speci'^1 dyes. / • • , j - 

Gallsto&es may present a number of complications. For example, 
if one of the ducts is obstructed. by gallstones so that bile is not 
released to the duodenum, the \d ingestion and absorption of fats is 
impaired.\ The most serious complication that c*i occur is the 
development of cancer of the gallbladder. Seventy-five pex cent- of 
people with this type of cancer a\so have gallstones. . - 

There is no drug that one can take for gallstones. If t^e con- 
dition becomfes sufficiently serious, the stones or even, the intire 
gallbladder must be removed surgically. Fortuaately, a pers6n oan 
function satisfactorily after removal of. the gallbladder. The. 
liver will release the bile directly into the duodenum. ). 

9-3 Pancreatitis , • | ' * 

. Wh&t is pancreatitis? , How is it caused? 

In a small number Lf cases, gaI\lstones may cause inflammation; , 
of the pancreas, o'r pancreatitis . A^ discussed in Section 7, the . 
function of the pancreas is to secret^ digestive^] uices into the . 
ddodenum. ' These juices contain proteinases, the enzymes that 
break down proteins, but in an inactive form so that they do not 
attack the pancreas itself. 

' . A gallstone can block the pancreatic duct or any of the smaller 
ducts branching from the pancreatic duct. If this happens, pan- 
creatic juice is trapped in the pancreas. Prcpteinases may become 
.activated in th6 pancreas and inflame the lining. ^ 

, Gallstones can also block the common bile duct in such- a way 
that bile enters\the pancreas. It is not certain whether bile ir- 
•ritates the pancreas directly or activates enzymes which, then at- 
tack the pancreas.. Whichever is the case, bile is associated with 
.pancreatitis. V . . ' ^ 

Treatment for pancreatitis often involves a modified diet. • The 
foods are generallir bland and the use of alcohol is discouraged. . In 
addition, drugs to ease the pain may, be prescribed. 



9^4 Other Digestive Tract Problems 

. ■ ■ -.ty ■ .. . : ■ ■■ ■/' ■ 

What is the u^ixhl cause of heartburn and itidigestiopt^, x 

The gastrointestinal (GI) tract has been, called "the sounding 
board of the emotions." Why is that? Rec a ll/sbme common emotional 
situations-- "a/ lump in the throat "mouth a^ dry as cot j:on , " "the 
•sight of it made me vomit." Ycvu can probabl^ think of many others. 
^ The fact is that much happens in the GI tracj^th^t i is not due to 
disease, t>ut still represents a change in noflP^l .body function.'. 



These changes are usually due to some typ^ or ai±eration in the 
nervous system as a result of emotional a(nd psychplogical factors. 
Recall ourf earlier, reference to psychosomati|G illr^ 

Consider common magazine, radio arid TV advertising regarding . 
the digestive tract. We hear a great deal about "stomach acid, " 
"Jtomach^^as," ''heartbuBn," . "indigestion" and all the wonderful 
things that occur when we take the right drugs. What 'is really 
wrong? . In most cases not very much. "Stomach gas" is probably 
th^ simplest. Where does the gas coifte from? Is the gas ,a product 
of faulty, digestion? "^^st cases, no. It is often the result 
o^ swallowing air, ulualiy from eating too fast and/or swallowing 
too ofteh. Nerfrous tension an4 anxiety are almost always involved _ 
to some degree.' The treatment should be to recognize the cause and 
eliminate it\; a pill is usually not the answer. 

Indigestion involving "stomach acid" may be a little harder 
to correct. Medication seems to work well, but does not solve the 
problem. .The discomfort due to acidity often returhs ag^in and 
again because the drugs are treating the "effect" without removing 
the "cause." The cause of excessive secretion of gastric ^uice is 
often related* to deep- seated psychological and emotional factors^ 
Anger has definitely been shown to affect the stomachV Whatever 
can be done to channel one's energies into constructive activities - 
usuaflly helps to improve GI tract^- function (this includes heart- 
burn',"- "indigestion" and lower tract problems). 

■ ' • ■ 1 
Another GI tract area that is sometimes exploited by 
medicine ■makers is constipation. The idea that is too often sugr 
aested is that we must be "regular" and if we aren't, a laxative 
is the ainswer. The plain medical truth is that any healthy person 
who eats a well-balanced diet, gets ^an adequate amount of exercise, ^ 
and takes adequate fluids will probably never need a laxative. One 
might review several typical laxative ads with thi^ in mind. In 
fact, laxatives can do more harm than good. Laxatives should. never 
be used! for. a pain in the abdomen. .The pain cfeuld be. due to appendi; 
ci,tis and the laxative could, actually cause the^appendix to break - 

arid peritonitis to result. 

.,.:■■>■ " ■.- .■ . • , . . - . ;. 

It is important to remember that the digestive tradt will 
function well If we: . • - 

' , fi) eat properly (amount, frequency, an^ kind of food) | 
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(2) channel our emotions positively (],pve evidentl^/ has no / 
bad side-effects on the digestive tract; anger certainly does) ; * . 

(3) ~ «jcercise regularly; ' . 

(4) use medication only when 1, 2, and 3 fail and then get 
professional counsel if the proj^lem is frequent. 

What are the similarities between infectious and serum hepatitis? . The 
differences? ' . \^ 

. What is jaundice and how is it caused? 1' , , 

What symptom do gallstones ai^ hepatitis often have in common? 

What possible connection is there, between gallstones and pancreatitis? 

Vocabulary : *j . ^' 

antibody (AN-tih-BAHD-ee)— a blood protein responsible for imm&nity* 
bilirubin (BILL- ih-ROO^bin) — the main pigment of bile. / 

gal Istbne UaWL- s ton ) — a mas s of splid matter that pia^ form in the 
. aalXbladder. • ■ i •. ■ 

■ f/, • 

gastrointestinal tract— the stpmach and the. intestines (often ab- 
< breyiated 01. tract ) . , . 

hepatitis (HEP-uh-TY-tis) —inflammation of> the liver. 

immune — the state of being protected against a specific disease. . ; 

paundice ( J AWN-dis)— yellowness oX the skin due to excess bilirubin.' 

pancreatitis (PAN-kree-uh^-tis ) — Inflammation of the pancrias. , . 

serum (SEEfi-um)— blooXaf ter cells;^ani^other proteins have been ' 
removed; the portion of bloi^. 



A 

REVIEW SET ' 

\, In wlrat manner has man's. Hjethod of obtaining food changed 
through/the; centurjf.es? > • . 

2 wJlat evidence ife there for ^linking diet wi^h heart disease? 
3%, ' What is. the function of digestion? V ' -J 

4, Name the parts of the digestive system through which, food 
passes. 
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What is an enzyme? How are enzymes related to digestion? • 

e. ^^f a- person backed teeth, what effe^ct would this have on the*^ . " 
diges^tion of foods? How must a toothless person prepare food fQ,r 
digest^n?-, / ■ ^. ' , ' ^ l ' . 

7. How is the stomach proteqted frpm it? secretions of hydro- ,, 
chloric acid? *• ' 

8. List the digestive functibns of the liver, the gallbladder 
.''•'and ■ the' pancreas - ,\. . .. ■ '• 

9/ T.hrough what strujctures in 'the small ' intestine are nutrients 
absorbed? How are t^^se structures adapted for their important ^ 
role in digestion? \^ 

10 . What do we mean by epidemiological evidence? How does this ■ 
j diffe^^ t-coxii biological evidence? i . 

.11. How^may salt affect health? v . , ^ 

12. What is the'role^of the/stoms^h in the digestive proqess?^ , 

13'. ' Is there a relationship betweerix^gallstones and pancreatitrs? . 
v;- Explain.. ■ ■. ' \ , ■ : 

14.< Which segment of the intestine, is more critical to the digestive 
rocess,^ t^e small intestine or the- large intes<;:j.ne?^ Why? 
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SEcAoN 10: 7?? 
lO"-! - A g^Guliar Liquid 

'^^at ^mp^ierip are we discussing? 

. Chemistry is the study of thevptopQlrtif]^^^ the 
millions of substancefe that either occui^ in nature p are made by 
mMn". Ifs properties were unrelated to ;mol6cu^^tv structure,, a chemist 
could never know Sbout more "tharf a small fractibn pf^these; substances. 
However there are patterns that, enable us to predict how a substance 
behaves by knQwihg the beha^(^ior of substances that are similar tp it, 
•the periodic table , as we saw. ia Unit I ^ Is based .on the relation 
between chemical properties and electron structure. Helium, neon, 
argon and krypton appear in the far-right column of the periodic ^ 
table all have fi lied . e led tiron. shells and 'are Chemically unreactive. 
The elements with greater atomic numbers are toward ^the bottom of the 
tableK they are denser and generally Bolids.at room temperature, 
while most . of the gases are. found toward" ^ the upper right-hand corner 
6C-the. tai)!^.- ■ --^ . ^ ■ ' - r ' ^\ '■ . / ' ' 

Biological compounds may also be grouped by structure and chera* 
ical properties. 'We;have already referred to such groupings m d-Ls^:: • 
cussing fats, proteins and carbohydrates, - * z 

But 'in 'this section We bonsider a nutrient with unusual pro^-^M^ 
erties. It cannot be grouped with other compounds;, it stand-by 
itself. Generally we emphasize similarities in substances.. What, 
is -interesting and important about this' .nutrient , however, is the 
ways in which it i^ different. As we discuss^ this mysterious nutri- 
ent, see. whether you can guess its identity'. , ; »- ^ 

"consider, for example, •boiliAg poinis^: Among substances with- 
■cbvalent bonding,, those with lower'omolecUlar weights (that is, 
lighter molecules) t^nd to *e>cist as gases at. lower temperatures^ 
The foalowing table gives the boiling points^ of , sgme familiar sub- 
stances, that .i^, .the temperature^, at which the liquids (or solids) - 



/ ^ become- gas^s . 
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'Substcince n - ' 

. - ■ 0 .J . 


formula 


^Molecular weighty amu 


Boiling pointy "C 


Hydrogen*^' ^ . 




■ I' s ■ • ■ ^ 






-253.5 . . • 


^Methane- 




.1^ 






-X64.0- 


Nitrogen , 


: 


♦ 28 

. . . . ■•. .> . . . ^ 






-195.8' 


^* dkygeA 




32 






-183.0 


^ Carbon dipxide 




■ . Ml ■ ■ 




•\ 


-78.5 . ' 


Ethyl alcohol 


w 


■> .. ' 46 >* ■ ■ . _ . 






78..5 ; .: . ; 


Acetone 




58 


( 


)■ 


56.2,, '" , 


Acetic aci^ 


S2«"4°2. ? 


• ^60 






4 Octane (gasplinep^ 

y--^^ ; . — - 


Vl8 


& '. .' \. 






125. 7 . . 

4 ■ ' . 
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) Of the substand.es listed/ those with mblecular weights l^ss ^than 
. 45 . amiA aire gases at room t§;nperature (aboutv 20 'C) , while tehose with 

greatei;^, moleclilar weights nre liquids. Our mysterious nutMeftt- has, : " 
*a 'mble'dular weiglit af! 18, so we would expeet it to be a g'as'at ro^m 
" teftiper^ture. ' iBa^Sed solely' on the, table , vevtnight expect it to boil 
^at a t^ihpeijature-1 Howeyer, it does not boil until-, 

%t becdiftes much -warmer than ordinary ;rooTn temperature. The fact that 
, this subs tartce is a liquid 9-t room tjemperature is of utmost importance 

not only to life ,r but , to the appearance of our entire planet. Hav$ 
Vyou.guessed what the mysterious nytiri^nt'is? Read 'on— ^more clues are 
'.coming V- , '^'y. ■ ■• ■ 



■ ^ • Energy is required . to increase the temperature of matter, but , 
r' different quantities of energy are needed to raise .the temperatures 
Vo£ different substances by. a spiecific amount. The 'next table gives 
■•'■■i the rfumber of calories required to raise the temperature of one, gram 
\ of several familiax liquids by one- Celsius deqree. 
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•# • ■ .V.*.- ■■ « / ■ 

SubstancQ-'w . 

, o • ■ 


_ED^.rgy requirement to raise ^ 
""^emperkture, cal/g-*C 

. ' •■ 


ixsetic apld . \ " " 

^ ^■t^yi,: aicoho\ 
, me^thyi 'ealcoh<^;l' 


-V.:, . ■ 1^- 6 04) ■■■ ; \/ -■V' 



" Ae efiergy'required ta'-tais&^^the::^^^ bj^rv peculiar 

• nutrieht bY one' Celsila^s degi^ee , ".:;^oweyelt,^ is ^. 0 calorii per ; gram* _ , 
■ This iS about tt^^ice -the energy. n#feded : th^- cases^Of, l^h^ ^t^er , 
: liquids/ ^'Th|Orope^t!y ij^lso^^ . ^ 

Perhaps'-^he oddest pfope^fe of th^s^^riient fe; s^n sja'' commonly .. 
.:that i.t'is'easill^/ove^lQOjted. i, It-vds t|^e otily rami-|i^r ft.ubsganc| th^t. 
/is denser as a liquicf ' t.h^fl as-la so^lid* This- means ■.tihat..the^*:solid 
r^fo.rm'^loat^>n'rthfe J^iqui^^. . ^v"' 'f^'- ■ 'y ~ %' 4l v ' ^ 

■ v ' ThV'impottanc > 
qriat— Ih faqpH it^fs es^ieritial . -V Hi 

risen anci flourished only when this ^:nu#ientfc^ was^ readily lavaijlable^j^ ; 
••Wars have been fought-.^for access > to .it . One; bf^.the j^obli^ms facing 

- modeo^ technology is^feb .tiranspoij^t it t& people.. living,. far ;poinc^ 
souicce. Pe: 

- molebule's 

callad water-v..;-., .v..- ^ . ^ 



ihnology is J?b,tiranSpGi?)t it tqt.peop"le..l|.vxhg. far;frolnc^ a. v^^ 
%rhapi^- you^have %essed the .ifdentity of the'^-:subs:|ance; . i ts^-i 
contain two hydjc^bgert vffltbrjfe and one ^xygen;„^1^om, .and it is-^;:v> *" 

.Av Vy* ■ \ \.: ■ V/ ■ X,. . • ^fl /i--.--^. >-;.V\ ! 
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19-2 The Structure of Water . 

..... _ . ■., •■ ■ ' ■■ ■ ■ ■ .'■■■■■■/'•:. ■ ■ • 

What is unusual ajbout the structure of t/ater? 

The unusual properties of water ^re due to the shape of the ^ 
vraolecule and the distribution of electric charge in the mbleculte. ■ > 
The hydrogen ^tpms are located such that the angle betweeyi bonds 
is 104.6*. . ^ , 

In Unit I, we des&ribed covalent bonding as the situation in which * 
two a.tpms share a pair of electrons. The electron structure of 
water is represented as 

■ ' . • ■ . , ■ .■ ' ■ . •• ' • ■ 

■ ' ^'-9,'' or h: q: H . 

• H . . . , • V - . . ■ • . 

(Remember that the electror^dot formula does not represent the shape #. 
of the molecule. ) ' . < ' . 

. . . • ■ ' , ' ' , ' • . 

The unusual properties of water c^ be traced 'to the bonding 
- between the oxygen and hydrogen. The bonding electrons are shared by 
oxygen and hydrogei) atoms, but they are not shared equally. They are 
more attracted to the oxygen atom, and these electrons being near^tne 
oxygen give this atom a slightly negative Charge. Since the electrons 
have been pulled away from the hydrogen , these atpms have^ a slignt 
positive charge. ^ '. ^ 

' '*'h ^0" . • 

■■■ . L / H•^ ; ■ ■ . . . • 

The situation is somewhere between (1) even sharing of a pair of 
electrons by oxygen and hydrogen, and (2) donation of electron by^ 
hydrogen to oxygen. In other words, the nature^ of the bond between 
a covalent and an ionic bond. A molecule that is positively charged 
in one part and hegatively charged in another part is said to be 
" polar . . ■ . . , ' '. ■ i \.. 

Our study of electrostatics revealed that opposi;te charges 
attract one another. Negatively charged oxygen atoms attract posi- 
tively charged hydrogen atoms of other molecules, so water molecules 
are drawn together. ^ ^ 



This attraction between H atoms of one molecule and 0 ^^oms of other 
raplpcules is called h ydrogen bonding . Hydrogen is the one element 
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that forms this type of bond, because a positi-v.ely charged hydrogen 
atom is ju^t a proton; it is not surrounded by electrons like other 
•elements. Hydtbgen bonds are much weaker than normal cova lent bondgf, 
but they are strong enough/to make a sigi^ificant difference in the 
properties of water. Hydtfogen bonding! also occurs in other biologi- 
cal substances; . for instance it is important in the structure g£ 
prdll^bins. ^ , - • 

^ « , ' . 

10-3 Hydrogen Qonding and the Properties p£ Water 

\ ■ ■ ■ - 

. ■ How does the structure of water explain its wmsu^l properties? — f 

■ ■ • . ■ 

Let's consider how hydrogen bonding affects the properties of 
w^ter. First of all,, why isn't water a gas. at room temperature? 

■ t . ■ ■ ■ . 

(. A substance exists as a cilquid Ar a solid rather than as a gas • 
wherifTthe attraction bet^feen molecules (or ions) overcomes the parti- f 
eles' tendency to bounc^Jfbff one another and move about rapidly. Hy- 
drogen bonding between water molecules increases the attraction 'be- 
tween molecules. For this reason H2P i^ a liquid when we would ex- 
pect it to be a gas, based on its molecular weight. ^ 

■;■ • ■ . 

'Why does it taka so much heat (calories) to raise the temperature 
of water? You may recall (Unit I, Section 15-6) that when a gas is 
heated, the molecules move more repidJ.y. Temperature is a measure of 
this motion. The molecules of liq^iids and' solids also move faster . 
when heated, but since the molecules are held together and cannot move 
very far, they vibrate more rapidly ^in a restricted space. Tempera- 
ture is a measure of the speed with which they vibrate.^ .' 

Hydrogen bonding makes it more difficult for water molecules to 
vibi?ate--they may be thought of as "stickier." .Therefore, more 
energy is required to increase their speed of vibration. This ex- 
plains 'why more calories .are needed to raise the temperatu^re of jvater 
than the other liquids vife considered'. 

■ ' " . ■ ■ ■ . 

Another property of water that is important to living things 
is its ability to dissolve ionic substances. These substances must 
be dissolved in prde^ to be absorbed and transported by the blood. 
This ability to dissolve substances can be explained by the polarity 
of water molecules. When sodium chloride is placed in water, the 
sodium ions, beihg positively charged, are attracted to the oxygen 
atoms of water, while negatively charged chjoride ions are drawn 
toward the hydrogen- atWs of water. - . 

ci-^H+ ■ ■ ■ • . • f:'- 

This causes the NaCl to dissociate into Na and CI ions.* . 

'How do these unusual properties of water affect life on this ^ 
planet? Let's consider first the relatively large amount of energy 
required to heat water. . 



, . \ ■ ...... - . ■ ^ 

. One calorie of energy from the , sun falling on >the ocean can 
raise the temperature of one gram of water by one Celsius degree. 
But the same calorie of energy 6an raise the temperature of one gram 
' 6f other common liquids by about two degrees. If the oceans were 
filled' with alcohol or ether ,\ temperatures would vary between greater 
extremes, mnce water absorbs energy -with relatively • little tempeta- 
ture increall, the temperature of the ocean does, not fluctuate as 
greatly as the te^iperature of the land." (One calorie can heat one * 
" gram of rock about five Celsius degrees.) This is important to our 
climate and is why coastal areas do not experience the temperature 
. extremes- that are common inland. , . * 

Water serves the same function of moderating the temperature 
Within our bodies. The heat generated during exercise tends to cause , 

■ an increase in body temperature. But for n^any biological processes 
it is critical that the temperature be within a narrow ran^te. For 
example, many enzymes do not function at temperatures slightry above 

. body temperature. Also, heat is generated in many reactions in cells. 
If this heat were\not absorbed by the large percentage of our bodies 
• that is water, important enzymes would be inactivated and( important , 
body reactions would nearly stop. But water absorbs the^heat, with 
an increase in temperature only about half the increase that would_ 
occur with most other liquids. . Water, contributes fto the control of 
bddy temperature. 

The functioning of our nervous system depends on the presence 
of potassium ions within the cells and sodium ions outside the cells 
(in the blood, for instancey. If water were , not _ a^ solvent for ionic 
. -substances, Na+ and K+ ions could not exist within our^cells and body 
fluicls. These ^nd other important ions are available for ^^arious_ ^ 
body func«.ons because of the unusual properties of water. Such ions 
" are available^to us because, despite its relatively 

weight, water is a liquid; and water is so polar that it can dissolve 
'. ionic substances. " . « 

10-!4 t$ater as a Nutrient 

Why is water such an important nutrient? , 

: some people think they are" "solid citizens," but they are mostly. . 
water. Everybody is. If you are a male in your late teens, sixty 
per c;nt of your'^body is water; if you are a female of< the same^age, . 
the percentage is about 54ri(since a larger proportion of your body 
■ ; is fat) . . ' . ' " . 

y water is an essential component of all cells. It is the medium 

/ in which most of the chemical reactions of the body occi^r. Water is 
required for regulation of the body's temperature, and i1^ IS also 

essential in lubricating the joints. 

Water is obtained by the body no.t only fi^om the water we drink, 
but from other liqiids and solid foods as well. It is. also obtained 
. tMrcheMLi the body. When food reacts with oxygenj 
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to pmvide enfergyRto t||e bodj^, one -product of the reaction • ia. carbon 
dioxiSe. Anotheijproduct is water., 

' ■ •• ■ .. t" . ' ' • • • ■ ' 

• ♦ food, + oxygen carbon dioxide + w^ter ., 

" . '• ■ ' ■.' ■ •■ ' . : . ' ' '\ ' ■ ': 

The average -person requires between 1, 5 and 2 liters of water ^ 
iaily, either as' drinking water or in foods, to replace water which 
the body loses, there are four routes th^fough which water is lost. 
One route is thrbugh/the skin, as perspiration. ' Another is from the 
lungs.. Water leaves the lungs through the nose and mouth ^as a vapor 
(You have seen this vapor condensing on a cold morning.) A third 
rouble is through the kidneys, as urine, and the fourth is through 
the intestines, where water passes out -in the feces* 

>1 The table below gives \typical quantities ^^of water which enter 
and le,ave a person's body dtaring a day. 

1 ■ • ■ ' ■ ■ • ■ ' V ■ ■ • ■ ■ ' 

Water Intake \' . ^ Volume (ml) 

Liquids (water, coffee^ soup, -etc .). . . . 1100 

. . Solid foods. . . . . . . . - . . ••• • • •. 500 -/ 90O 

■ / . Water from chemical reactions . 

. in the body ^ . . . .• • • ,• • • • • • • — — 



I ' . 2000 - 2400 

• ' ■ ' , ■ ■ . ■ ■'• 

Water Losses , 

~" . ' |i 

Skin .... . . . . .c . . . • •• • • . . 520 600 " 

// Lungs. . . .. . . .... .. • • • • • • • • 

t : . urine. . . • • • • • .1000 - 1300 

Feces. . . , . . . . . . . • -j: • • • • • • ^0 " 

. . . " ' ' 2000 - 240GL 

Note that the amount of water taken in by the. body is equal 
to the amount of water lost by the body. This balance is impor- 
tant to the body. If water loss increases through excessive sweat- 
ing, diarrhea, vomiting or a kidney disease, more water must be ' 
consumed. In severe cases of untreated diabetes tjoo much water is 
lost in the' urine. ' Diabetics are, of ten very thirsty— they drink a 
lot of water to compensate for thdf excessive loss in the urine. 
Sometimes the excessive thirst offdiabetics prompts them to have a. 
a medical examination which, in tbrn, leads^to a diagnosis. 

Water balance is important to the proper functioning of mafny 
systems of the body.- -It is important because the functioning^of 
these systems depends on the/ concentration of various ions. Posi- 
tive ions found in th6 body fluids include sodium (Na"^) , potassium 

. (K+) , calcium (Ga+2) ^nd magnesium ' (MgV ) . Negative ions include 
chloride (CI') , bicarbonate\(HC03-) , phbsphate mt^'^) and sulfate 
(S0>i~2). If the water balance of the body chang.es, .the concentra- 

;.tiofis of these electrolytes change, and the systems that use the 

'electrolytes cannot function properly. . 



10-5 Nutritional Ct^ihi stry --^'^ ' , ' 



is chemistry of sppcial importance in the study of nutrition? 



■ Water stands alone a nutrient because of its unique set 
of properties. However, mosi^ nutrients have similar properties to 
bther nutrients. We take advantage of these similarities by. placing 
nutrients into five- groups, as we did when discussing digestion in 
the first sequence of this unit. The five groups are carbolfydrates, 
fats, proteins, vitamins and minerals. The division into grpups^is 
made^ according to the ways in which nutrients are digested^/^nd the 
ways in which they are Used in the body; ^ 

^ Digestion takes place by ;a si^es 6f chemical, reactions, and 
the body uses.. the products of digpstion in further chemical reactions. 
The products ol^the digestion of carbohydrates, fats and proteins 
take part in chemical reactions that provide energy to^the body. 
Bone and tissue are, built from proteins and minerals by chemical .re- 
actions. Vitamins and certain minerals must be present for many cf 
these and other reactions to occur. Therefore, a knowledge of chem-. 
ical prop'erties of nutrients is ^essential to an understanding of 
nutrition. « . . 

The chemical properties of a 'substance reflect the arrangement 
Of atoms within the molecules of the substance. Thus we find that 
all carbohydrates hav^ simila.rities in their molecular structures, 
as do all fats and ali_ proteins. 

Vitamins differ from, minerals in that vitamins contain the 
element carbon, while minerals - do not. .Carbohydrates, fats and pro- 
teins also contain carbon. The chemistryof compounds containing 
earbon is so importaijt, especially to biology, that it is considered, 
to be a separate branch of the subject, called organic chemistry. 
Compounds, such as vitamins, carbohydrates, fats and proteins,- that 
contain carbon arq said to be organic, while substances that do not 
contain Carbon, minerals for example, are called inorganic . 

■"" Since chemistry is §o fundamental to an understanding 9f nutri- 
tion, and since so many nutrients are compounds containing carbon, 
organic chemistry is introduced in the next section. After discus- 
sing organic chemistry in somewhat generspT^erms , we will proceed^ V 
to specific nutrients in subsequent sections. 

m^t is the general relation betwSen molecikar weight and' boiling point? 
How does water fit iiito this pattern? / 

What is unusual about the amount of energy Required to ^ raise the temperatuife 
of one gram of. water by one Celsius degree? , ' v 

Describe the shape of a water molecule and the distribution of charge in a 
water molecule. What is meant by hydrogen bondin 




HOW does the structure of water help explain M unusual physical properties? 
(Cqnaider density, boiling point r solvent action.) 
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\ c4n you tMnk of any biological -^^i^p^^ 
denser as a liquid than as a solid? ' [ \ . 

. , - ■ . . « ^. ■ 

tfttat are the body 's sources of watej;? How does the body lose, water? 

' ' ~ "■■-*«■....■■■■ ■ 

Why. do our bodies need water? Mentiop several biological functions of water. 

• ; ■• 

mat is the difference between prganic (hemistry .,and inorganic chemistry? 
Vocabulary i- 

hydro gen bonding — the attraction betwe^efl a hydrogen atom with a slight 
positive charge and an atom in another molecule that has a slight. 



negative charge. 



I 



inorganic— relating to -substances that c^p, not contai^ carbon. 
organic —relating to substanqes that contain carbon. 

polar molecule — a molecule in which bonding electrons. are not shared 

equally betweeh atoms. \ . \^ . 

\ SECTION 11: HYDROCARBONS AND ALCOHOLS : ' \ 

11-1 Organic Chemistry ^ 

A^e chemical reactions in the body different from those in test tubes)>~^ 

it' was once thought that, there were two separate classes of 
substSnces. Non-living things, sucK as rocks, earth, f ' 

♦ were composed of one type of substance. These were called inorganic 
. substances . Plants and animals were thought to Ibe j|Dmposed of anoth- 
er type of substancfe, said to ^ be organic. Stee^ l^norganic, wood 
is organic. ' 

It was 'supposed that organic comppunds could be formed only by. 
chemical reactions that occurred within living master. A^ v^tal 
force" was thought to be necessary to create organic substances. 
Steel can be made in a steel nO-ll, but wood groWs^ only in trees. 
Then in' 1-828 a German cheitiist named Friedrich Wohler made urea, an 
organic substahice, in the laboratory. He made urea from ammonium 
cyanate, which is an inorganic substance? and chemists had^to^recon- 
sider their ideas about inorganic , and organic compounds and about the 
■ ' ■. "vital, force.." ■ .■ •'X^ , — 

/ TodaV it is recognized that the chemical reactions that occur ■ 
; . ink the body are not different from those that occur in a teit^tube. 
HowA^er, it Is useful to divide chemistry^ into inorganic chemistry . 
and org^niclthemistry . \ Organic chemistry/is .no lojger ^ef ined as^ 
. • . tSe chemist^ of living systems, but, as the chemistry of compounds 

• . ' containing carbon. (A few simple carlfon compounds such as carbon 




monojfLde, c a rbdp dioxide and carbonate salts ar^ usual 1^^ excluded, 
however.) Organic substances include proteins, fats, carbohydrate 
and vitamins, as well as most other compounds^synthesized in the body. 
Nearly all of the chemical reactions occurrinlf in^our bodies^ involve 
organic chemicals. For thetfe reasons the study Of organic chemistry 
is basic to an understanding of nutrition and also to an understanding 
of most other processes within the body. We begin with a group of 
compounds that are simpler than other organic compounds in the ^ense 
thai; they contain only two elements, carbon and hydrogen. ^ 

11-2 Hydrocarbons , ( 

■ - • '/ , ■ ■ .■ ■ ■■ 

what is the structure of hydrocarbons? Whe^t are isomers? 

The atqmic number of carbon is 6. This means that a neutral • 
carbon atom Contains six electrons, two in tftie first shell and four 
in the second shell. It is the four electrons in the second shell 
'that are' involved in the chemical reactions of -earbon. We may 
represent the carbon atom by. its electron-dot formula. 



« 
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An atom forms a covalent bond by. sharing unpaired electrons with 
other atoms; carbon can share four electrons and thus form four bonds, 

A hydrogen atom .has one electron. , _ ■ " ■ . ' ^ 

J. ■ ' ■ ■ ■ . - ■ ■ ■ . ■ ■■ 

A carbin atom may form bonds ^with four hydrogen atoms by sharing 
its electrons and the electrons of the hydrogen atoms. 



H 

H ; c : H 



The formula *f ^he resulting compound is CH^, and it is called 
methane. f 

The four iiydrogenUtoms, however, are not in the same plane. 
Rather each is at the^corner of a tetrahedron. A tetrahedron^ is a 
solid figure with four faces. Each face consists of a triangle with 
three equal sides. The carbon atom is at the center of the 
tetrahedron. K ^ 



./rhe angle betwee.n tv/o carbon-hydrogen bonds is not 90* as tfi< 
elec^tron-dot formulafi would indicate, but afip^ximately 109. 5". . 

: - . ; : ; ... ;<c^ , ■ • 

The angle loSTs* is often cafLled the tetrahedral bond angle. The 
sljape represdnted by the. electron-dot formula cannot be correct 
because" it does not <fehow each hydrogen atom equally distant from 
every other dne. Keep in mind th&t an electron-dot formula cannot 
give the actual shapQ of a molecule, because it represents a three- 
dimensional object in pnly two dimensions. 

• Another compound containing only carbon and hydrogen is 
eth*ve, (C2^6^ ' 'J ' ' 
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H : c ; c : H 



H H 



Note that each C is bonded to four other atqlms; each H has one bond,. 
■Again, the shape of an ethane molecule is nd»t shown by the formula; 
the angles between bonds' are approximately ifQg.S^v , 

" Many organic compounds consist of carbdn atoms bonded to other 
carbon atoms by single bonds. The molecule which consists of a 
chain of three carbon atoms, whj^. are also bonded to eight hydrggen 
atoms, is. called propane. The structural formula for propane iS 

■ . ■ ■ ■ ■ ■ . / ■ 

■ ■ ■ ■ ■/ . ■ ■ 




Compounds containiag only hydrogen and carbon are called 
hydj ; ocarbbns . Methane ethane and propane are examples of 
hydrocarbons. 

Carbon atoms have a great tendency to form chains bf bonding 
to one another. Thus many compounds contain long chains! of carbon 
atoms. These carbon chains are the backbone of organic chemistry 
and. the reason why over a million different organic compounds exist. 

The carbon atoms may be in a chain, or they may form molecules 
of other shapes. , Five carbon atoms , for instance, may fcJrm the 
"straight-chain" /compound pentane or normal-pentane iC^H^2\- 

■ ■ ■ ' • ■ ■ ' ■ ' '■ 
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n ^ H H H 

- 'C 

\ . * .H i H ft H 
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V NORMAL-«>ENTANE 
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(Remenpsdr that the two-dimensional structural formula does not 
show the -true shape of the molecule. The pentana' chain isn't - 
really straight, but zig-zag shaped.) Five carbftn atoms may also 
form a coiifipouhd with branches pn/the chain. \^ 



H^C-^G— C— C-^H H — C C— C—H 
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ISOPENTANE NBOPENTANE 

Isopentane and heopentane also Have the formula C5Hi2f Normal-- 
pqntane, isopentane and neopentane are called isomers . Compounds ' 
are said to be isomers if they have the same molecular formulas, b^t 
different structures.* Normal-pentane, isopentane and neopentane 
all have the molecular formula C5HX2, but their structures are n< 
the same. When Wte say that their structures are different, we mj^an 
that atoms are riot bonded to each other in the same arrangement. 
Thus, two, of the five carbtjns in normal-pentarie are bonded to only 
one other carbon. These two carbons are also surrounded by three 
hydrogens. Each of the othew three carbons of normal-pentane is 
bonded to two carbons and two hydrogens. In isopentane^ ho.wever, 
three qf, .the ^five c^rbtpris -/are bonded to another carbon and three 
hydrogens. One is bonded to two carbons and two hydrogelp, and the 
fifth carbon is joined to three carbons and just one hydrogen. In 
neopentane, one carbon is. bonded to all of the other four carbons.^ 

Be sure you do riot confuse this situation with the fact that the 
same structure may be drawn in different ways. For instance, water 
can be shown 'in the following ways, ^ ^ ' 



.•4 
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I 

H . 



H I ^ 



These structures all represent the same molecule, and dojiot repre- 
sent isomers. In every one an oxygen atom is bonded to wo hydrogen 
atoms. 

- isomers are encount^ed often in organic chemistry. The physi- 

cal and chemical properties of a pair of isomers may be very differ- 
ent. The idea- of isomer's ife important to our study of nutrition ^ 
because our bodies are able to distiriguish differences in structure, 

, and often a particular isomer is needed for Our survival. Ybu may 
recall that enzymes are selective in the substrates upon which they 
actJ^ .dften an ^enzyme will act ohly on one of a group of isomers. 

* — You may recall tl^at two isotopes have the same number of protons, 
but different numbers of neutrons. \ • J 
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'* Five carbon fat oms may be'(l) in a chain, as they are in normal- • 
pehtane; (2) thei may have branches db the chain, as in isopentane or 
neopentane; or (3) they may form a ring (cycle). The Itructural 
formula of a 'compound which has five carbons .in a ring is shown 

below. '' : .• . ' ■ --•.(. 

■ H . -H 

. • . ^ . . . H' H . . 

I; . . CYCLOPENTANE / . 

This particular ^compound is known as cyclopentane; hS^drocarbond 
containing rings are said to be cyclic hydrocarbor^s. (Cyclopen^fne 
is not van isomer Of normal^pentane; it has two fewer hydrogens*) 

The occurrence of branches and f ings increases .greatly the 
number of possible organic compounds!. 

11-3 Double and Triple-Borided Organdie Compounds 

■ * \ ■ ■ 

\ ' What is an misSitniated hydrocarbon? 



, In the Respiration Unit (Section 24-1) we introduced the idea 
of double and triple bonds. We considered a hydrocarbon with a 
double bond called ethylene (C2H4/. Its molecular structure can be 
repiijesented by the followjjig electron-dot formula. v ; 



Each (parbon atom contributes two of its electrons |tt the double bond, 
as well as one to each of the bonds with hydrogen atoms. Ethylene 
.may>a]^so be represented by the structural formula, 

;.. ;■ •. \ i ■ . ■ ■ 

The dpiibj-e bond is represented by two lines. ^ . ^ A 

AcUvlene, C9H9, is a hydrocarbon which contains a triple, bond. 
Each c«^n ato^a Contributes three electrons to the triple bond. • • 



H H 

• • t * 

c: :c 

; H H 
ETHYLENE " \ 



1^ H : C :\:c : H 
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The triple' bondVia represented in a stru^ural fprmula\by three 



lines. 
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Organic cpiiLounds with no double or triple bonds between carbon 
atoms are/ said to be saturated .: Organic qompounds with at least 
orie double or tMple bond between carbons are called unsatuyated. 
Methane, ethan^ and prodane are saturated, while ethylene and acety- 
lene are unsaturated. *The concept of saturated and unsaturated 
compounds will^Vbe useful when we discuss the ibelation between fats 
•an(^'- health* ■ ■//.• ' • • ■■ ■ ♦ . 

/ Hydroca^ons do not react with most si^bstances as readily >s 
other organid compounds, and they are not used by our bodies as 
nutrients. Sphere is, however, one txpe of reaction that hydrocarbons 
take part ift readily. This type of feaction is oxidation, and the _ 
reaction o| hydrocarbons with oxygen makes them useful to us as fuels 
Natural gaS is mainly methane, with smaller amounts of ethane and 
propane^ //Petroleum is a mixture of hydrocarbons with higher molecu- 
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externally. 
11-4 Alcohols . 

■■'vfkif. is a fxmctional group? What is the functional 'group in alcohols? 

Hvbrocai^onstcontain only carbon and hydrogeri,. but most organic 
comdou^s coftaii^ther elem^^ as well. Carbohydrates, fats and 
proteir^s contaiw ^ygen in addition to carbon and hydrogen; Proteins 
also cdntain nitrogen and sulfur. Hydrocarbons contain fewer element 
than other organic substances, but there is another reason fOr 
starting with' hydrocarbons. „ The reason is that the names of many. 
Qther organic- compounds ^re based on the names of hydrciparbons. 

FoU example, the compound with the following structural formula 
is called #thyl alcohol (or methanol) . ' , 

■■■ . " H- ' ' ■ ■ .. ' . . 

I.. . ■. .. 

H-C-0— H 

\ \ 

■ H . • ■ . , . ■ . 

One hydroUn atom in the structural formula of methane is replaced 
by an oxySen atom joined to a hydrogen ^tom. The combination of an 
oxygen at3m and 'a hydrogen* a tbm is known as a hydroxy! group. When 
methyl alc^ol reacts, usually the hydroxy 1 group is involve*? in the 
reaction. . . " 

-The hvWoxyl group is a tvpical functional group . A' functional 
Sroup is a bortion of an organij. molecule that tends feb take part in 
Chemical ructions. We have ^pJeviousay written the formula methyl 
alcohol as 3^40, but it is alsP commonly written CftjOH merger to 
indicate th^ hydroxyl group. : ^ 
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Note that the oxygen atom has formed two bonds,. An oxygen atom 
has six- electron^ in its outer shell, ' and ^ needs two to complete the 
shell. The oxygen atom and the carbon atom aharaelectrons and form 
a bdbd; the oxygen atom also shares eleeJ^trons with^'hydrogen atom 
to form another bond. TJ^fe. electrpn-dot formula of mHhyl alcohol is 



■ H 

H : c : 0 : h 

■H 



All o'xygen atoms in the compounds we will consider have -two bo^d?,. 
just as all carbon atoms hav6 four bonds and all hydrogen atOms\|iaye 
one bond. , ^ 
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Hote how methyl alcohol is named as though it is made up of 
two parts, a methyl (or methane) part and an alcohol (or hyjroxyl). 
part. The hydroxyl group may be represented by the formula— QH. 
The dash indicates that the group is not a complete molecule, but 
that a bond is formed between the oxygen and another atom. The dash 
does not in^cate negative charge, and a hydroxyl group is not the . 
same as"a hydroxide ion, A hydroxide ion exists. as a separate erttity 
with 'a negative charge and is represented as OH" . - The -OH group |.s > 
p:^rt of a larg4r raoj^cule and is not charged as an ion is . . . . 

Methyl alcohol is one of a xslass of compounds that contain . 
hydroxyl groups. These substances are called alcohols. Another, 
example is ethyl alcohol °(or ethanol) . It has. also been called grain 
alcohol and is the type in, alcoholic beverages. The structural for- 
mula of ethyl alcohol is " . . 

- ■ ^. . H H 

. . H— C— C— 0— H , . ■.. . ' 

- ■ V I I ■ . . ■ ■ • .. , ■ 

' H H 

ETHYL ALCOHOL/ 

Compare ethyl alcohol to ejihane and to methyl alcohol. . 



H H 

' I I 
H-C-C- 

■. H H 
ETHANE 
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H— C— 0— H . ' 
METHYL ALCOHOL 



The Structure of ethyl alcohol is the same as the structure of -ethane 
except that one hydrogen of ethane is replaced in ethyl alcohol by a 
hydroxyl" group.. f 

Structural formulas are often simplified slightly by writing the 
functional group as a unit, -by representing a hydroxyl "group either 

-OH or HO- . All of the^following structural formulas are equiva- 
lent representations of etSl alcohol. (Remember that the atoms do. 
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not ail lid in oije plane, as they do'in the formula,^ and< thit th^ ./ 
angles between bdnds.are not 90*, as shown,', but 'actu?ally about 109 
Thd equivalency^of the represen€at;ions may be more easily seen by 
using , a molecular model.) 

H-^i-i-OH H— C-^C-H HO-C-C— H . H--e---ferH 

J I I I I ' /if-^ 

;H H . . ^ A H ■ : . H .H H> ^^ . 

The molecular j^rmula q'f ethyl alcohol ;ls C2HgO, or C2H5OH if., 
the hydroxyl group is to be shown. x • . . 

The hydroxyl group is important because it iS. the portion of. 
the molecule that takes part , in most chemical rea^ions. The carbpn 
chain jtself and the attadhed hydrogen atoms, are , relatively resistant 
to reaction, but the hydroVyl group takes part in a variety of reac- 
trons. The . rea*ction*s are characteristic of an rOH group, whether it 
is part of a methyl, alcohol molecule, an ethyl alcohol molecule or 
some other, alcohol. %e will see that more comply carbohydrat^es are 
built from simpler ones by the reaction of a hydroxyl group, and that 
fats are biiilt from their components by hydroxyl groups reacting. 

If one hydrogen atom of a propaiie- molecule is replaced, with a 
hydroxy! group, the. compound is called propyl alcohol. Two propyl 
alcohol isomers exist. O^ie^ has the -OH grou)? attached to a parbon .• 
a't the end of the chain.. and is called nbrmal-^propyl alcohol," o r ^ /y 
simply propyl alcohol. . , 



H ft H , 

III. 
H— C-^C— e*-OH 

H -. H ■ 
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»in the case of the other is-omer^, the -hy d ro xyl group is bonded to. the 
middle<carb9n.atom. This isomer is called isopropyl alcohol. 

•• ■ ' ' H 0 H H ' r 



Isopr^pyl alcohol is (used as rubbing alcohol, s 

It is important t?? understand that thes.e are the o.nly possible . 
isomers of- propyl alcohol. Other formulas th^t may be drawn, such > 
as the following, Represent isopropyl alcoho], if the hydroxyl group 
as attacheii to the middle car%j»r , or normal-pro^yl alcohol if the I 
-OH is attached to an outer carbon-. . . ^ ^ 

' r f f Il l ' ' " 

H— C-C-C-H, ; HO-C-CH-C-H . H-(j:-C— C-H 
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NORMAL-PROPYL ■ NORMALrP^lOPYIr ' ISOPRQPYL 
;. ALCOHOL ALCOHOL , ALCOHOL 
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/ The scheme used for naming %any of the organic compounds we. will 
i^encounter is illustrated by , the names of the al'cohols V7e have consid- 
ered. The first part of the^-name indicates, the number of carbon 
atoms in the chain. Th^ second, part of the" name indicates the -fune^. 
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otional groupie 

' H^RQGARBONS 



. ' . ; H- 
' < I • 
. H — C— H 
I 

H ^ » 
METttANE. 

-VI I : 

I H— C— C—H 

oo. 

-ETHANE" 



Oit 



Alcohols ". 

• . H 

1. •■ 

H— C — OH 

. methyl: ALCOHOL 

H H 
I I 
H— (j— C— OH 

H H 
-ETHYL 'ALCOHOL 



♦ «3». 



OO 



. o: H H H 

-■.1 'I ; 

H-^C^C— C— H 

■;. T I I " 

H ' H -"'^ 



H -H H 
I I I 



H— Cr-c-f-OH 



H OH H 

-f 11. 
H— C— C— C— H 



i i H 



H 



PROPANE. 



'PROPYL ALCOHOL- ISOPROPYL ALCOHpL. 



" VMo^t alcohols: are toxic and hkve . no^ place- 'in- nutrition ,^but_the^ 
; hyarbx^l group.iias %ri"^P°^t^^^ P^^^ chemistry of carbohydrates 

. and -'Eats, as jwe will vsee. „ ' ' " . ' * \ 

"wh0ii element -da-.'all -q^gaipicooompounds cx>ntaiji? 

/. What elements do hydrocarbons ^ . : f. 

■ » ■ . ■ • 0 ' ■ . J - » \ • • ^ ■ • . / 

' . In what way 18 a ^ttuctural - formula m±sl^^^^ ^ . 

What:,is meant by '^n isomer?. Draw an isomer of H-c'-C-^C-C-^ii 
(horm&l butane) , ^ — - 



I 



.. Do isomers have identical physical and .cpemic^^^ , • 

' ^ What is the difference between, a Ja turned hydrocarbon and an unsaturated 
- hydrocarbon?^ .. ' . / ^ , ; • . 



^Wh^t functional gr^uR is part of all aXcohpls? 

' V V : " Re structure of pen t^ is shown Sn the tekt. How many carbons would . 
. pejityi' <!it^ohol liave? ^ : ^ - ^ . 
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■Vocab ulary : ♦ ''..v": ^- ' ■"■* ■■ •■, ' 

. ;^ . r*^ ■. ■■ ^ ■ ■■• _ 

alc6hols--a class of organic compounds having one, or more -OH groups 

. functional group — -a reactive part of an organic molecule. 

• « ' ' . • — — ■ — ■ V 

^ hyaro'carbon— >a compound (containing only, the elements carbon and 
. hydrogen. - - . 

hydroxy 1 group (hy-DROX-ul) — -a functional group consisting of one 
.; hydrogen and one oxygen atom (-0H) . , 

is omer (EYE-suh-mur ) — one of two or more substances 
molecular formula but different structures. 

saturated— describing an organic compound having only single bonds 
* between carbons. ' 

unsaturated^ -describing an organic compound having at least one 
double or triple" bond between carbons. 



with the same 



PROBLEM SET 11: . . 

i. Which of the following compounds are organic and which are 
inorganic? V *" 

a. H2O ■ • . c. GH3OH 

' ^ H ■ ■ 1 H-H ■ ■ 

.b. H-C— S--H jS^^ ^' /C = C 




♦ - H-C:^ ^C-H 



'C-C 

I . I 

H H 



2. Which of the following compounds are hydrocarbons, which are 
alcohols and which are neither? 

. H H : « «• « ; 

a. H-C — C— C-H /c. C=C--C-.OH 

H I H H H 

■ • ■.• H . ■ • ■ ■ .. ' . ' ■ . 

'^ H H ' / " H 0 H 



I • I \ 

tt H 



I, 
I 

H H 



3. VJhich of the following representations are equivalent to 



H OH H 

III 
H-^C-^—^— OH ? 

H h' H 



Which ones represent isomers of the abov'e compound? ^ 

. . . • . . • ■ 

• OH H H ' • OH 

III I " 

a. H-C— C— C-^t)H H-~C— H 

/ H H H V , H~C~-OH 

♦ .. I ■ . ■ . . • . 

. ... Hr-C-^H' ■ 

• •■• •:■ • . I . ■ 

■ \ ■ ^ ' . 

. H OH H H H H . . ; 

- I |. I I I \ ' 

b. HO-c-c— i— H a. H-C— 6~C—0H 

I I I I I I 

V V . A H H H. OH H ■ 



4. Which compounds in Problems 1 through 3 are Unsaturated? ^. 
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SECTION 12; CARBOHYDRATES ' ^ ^ ' 

12-1 Carbohydrate Chemistry 

What are the' strudtures of the simplest carbohydrates? . 

" ■ ■ ■ ■ ■• . ■ " ■ r ■ 

Proteins, fats, and carbohydrates are the three groOps.of nu- 
trients that provide us with energy (calories) . Each of t^iese . 
three groups includes many different substances, but each substarice 
has chemical properties characteristic of its group. The substances 
-in each group are digested by similar processes, and are needed for 
the' same kinds of functions in the body, A substance can be identi- 
fied as a protein, fat or carbohydrate by certain charadteristics of 
its stfuctural formula. . \ . ' 

Carbohydrates are composed of carbon, hydrogen and oxygen. 
The simplest carbohydrates are monosaccharides ("mono-" indicating^ 
"one; " "sacbharide" itom the Latin word for sugar) . The monosac- 
charide with the mos^important rple in nutrition is glucoee. The 
Molecular formula of g\^cose is CgH3^206- The structural formula is 

■■: . . . ' ' OH ■■ ..■ ■ • 

. .\ ; . . . , . H-C-H . ■ < •. . • 

' • ■ - V H.,/1' \^H : 

' . ' C aI u CC GLUCOSE . ' 

; • : ; : oH/\f V >h , (CgH^z^e^ 



Five carbon atom§ and one oxygen atom are arranged in a ring. The . 
•sixth, carbon is attached- to one of* the carbons in the ting. Carbo- 
hydrates contain hydroxyl {-OW) groups.. A glucose molecule contains 
f iye hydroxyl groups, each attabhed to a dif f erenf^carbon. 

* We have shown glucose in a special way to help you visualize' 
thiS shape of the molecule. Picture the ring as being perpendicular 
to the page. The atoms connected by bonds with thick-lines are to 
be pictured as if*the¥/^y:e in front of the page.. The -H and -OH 
grdups are above or bllow the plane of the ring. Drawing a group 
above a carbon .ia^-noS^®l^valent to drawing the group bel6w the 
carbon ring^s.as'^#tffs;ii^^ ethyl alcohol. A molecular model of . 
C2H5OH m^y be: until all the equivalent repre^nta- 

tions are seen Itsii^^^lttM^^ To transf er a hydroxyl group ftom 

below the ring) to; '-abfv^T^i^ however » requires brealfing bonds 

and forming neW ones."^ ^ 

Two other monosaccharides are isomeaNB- of^ gJLiicose^ They are 
fructose and galactose; each has the molecular forifiula^CgHioOg , 
just as glucose does. Their structural formulas are shown below. 



HO. „ 

OH H 



FRUCTOSE (^^^12^^) 



Fructose has the sanve molecular formula as glucose but Aiffers from 
glucose in that only foui: carbons, rather than five,' and one oxygen 
form the ring. The other two carbons are outside^ the ring. Fructose 
occurs in many fruits, and honey is roughly half fructose and half 
glucose. Fructose is the sweetest tasting of tlfe various carbohy- 
drates/ in our diets. • « 



OH 
I 

H—C-tH 



i 



OH /j, 
I 



H OH 

1 GALACTOSE (CgH^2*^6^ 



ERIC 



I A galactose molecule has the samejnumber of carbons, hydrogens 
and o.xygens as a gluqose molecui^e and is very similar in structurte to 
glucose. ' It differs only; in th© py)sition o^ the -H and -jOH on the 

■■ ' . '■ 72 ■■ , •. .. / ■ ,. 63' 



le:^t-most carbon. Iri the structural formula of glucose, the hydrogen, 
is above this parbon, while the hydroxyl group is below. In the 
galactose formula, by contrast, the H is below the C and the OH above, 
This slight difference gives galactose a different structure than 
glucose? if you make a moleaular mode^J. of one, you can see that, its 
structure -cannot b« converted to the structure of the other without ' 
breaking and reforming bdnds. Thus glucose and galactose are isomers 
and are treated as differerft substances by the enzymes of the body. 

Monosaccharides occur naturally ,. as in fruits and^honey, but 
th^y are more often found as part of complex carbohydrates. These 
substances, to which we now ta^.n,,our attention, are built fs.om the 
three monosacchaffide rings jus:t't|M^]us^ - . ' 

l!2-2 Dissacchar ides and Polysaia^h^rldQ^ ^/^^--t ^^V/ 

How are monosacbharides combined to foi;M'^'^acchaTi(des and polysaccharides? 



• Maltose is.a sugar found in grains and malts. Its molecular 
formula is Ci2H22Pll- The structural formula of maltose , is shown 

below. ■/..■..■ A ■ 




MALTOSE (^^^2^22*^11^ 

Look closely at the structure of maltose. . Compare, it to the struc- 
tural formula of glucose. A maltose molecule is two glucose molecules 
ioined together, with two h^dro^en %toms and an oxygen atom (a water 
molecule) missing.' Maltose is an example' of a di saccharide., a com- 
pound with two monosaccharide rings! 

The other important disaccharides (which are isomers of maltose) 
are sucrose (ordinary table sugar) and lactose (milk sugar) , .^Sucrose 
and lactose are isomfers^but we. can distinguish between them by taste. 
Sufcrose tastes much sweeter- than lactose. The _ structural^ formulas - 
of sucrose ^nd lactose are shown on, the following page. A sucrose . 
molecule is Jformed by the combination of a glucose, moleculds and a 
fructose tnolecul^. Lactose is formed from galactose and glucose. 
In "both reactions water is eliminated as a by-product. , • 



X. 



V 




lXcTOSE (C^2"22°11^ 

The. reverse react ioh, in which 'a disaccharide is divided into' 
two monosaccharides, is Jf great . importance" biologically. Substa^^^^ 
are useful to the. body oriXY if they lare soluble and diffuse easily, - 
Large moJ.'ecules tend to b6 insoluble and becagfee of their size do not 
diffuse as rapidly as smaller molecules. Monosaccharide molecules 
are smaller than di saccharide molecules, dissolve more readily, are 
absorbed more easily into ^he body ar^d diffuse more easily within 
the body. * . \ 



Under certain conditions, 
enzymes, disaccharides take pa 
hydrolysis . A hydrolysis id 
reacts with another molecul^, 
into smaller molecules. (In^ 
gration." ) Reactions involvi 
very important in digestion. 



including the presence, of specific 
t in aTtype of reaction called 
reaction in which a water moleciiLe 
causinglthe other molecule to split 
act, the word "lysis" means "disinte-; 

hydrb lysis (hydrolytic reactions) are 
Much of the .breakdown of proteins, , 



carbohydrates ajid fats is the! result.-of hydrolytic reactions 

■ In the hydrolysis of a diVaccharide the water molecule adds 
at the point where thai two mcnQsaccharides are joined together. Tne 
result is that the dissacchariAe splits into twd mb^osaccharides... 
The hydrolysis of sucrose t6 glucose arid fructose is illustrated 
on the following page. The Jnc Ire led H and OH are those from the 




i . ; , sucrose 
oh' 

H— C— H HO 



H. /5 \ H h/^C< ^J<1 „ 

H OH • I 
V (5LUC0SE.. . FRUCTOSE 

In a similar fashion maltose hydrolyzes^ to glucose, an|a lactose 
^ hydrolyzeS to glucose and galactose. . . ' 

■■ maltos| + water -»■ glucose + glucose , 
lactose + water -»■ glucose^ + galactose 

Monosaccharides and dxsaccharides are collectively ^nown as 
sugars, h compound with many monosaccharide rings Domed, together 
is cal led a polysaccharide (."poly-" means m>ny) . Polysaccharides 
are digestedTby breaking the long chains of monosaccharides down ■ , 
toLmaller 'chains. The. only polysaccharide that occurs in^signifi- 
cant quantities in foods, and that i/e can digest, is starch. A 
statch molecule consists of a large number of glucose "^^l^^;?!^^^ . 
linked together. We have an enzyme (amyla^) that is able to break 
starch down to glucose by a series of hydrolytic reactions. . 

Many foods contain the polysaccrflride cellulAse, which is a main 
Qomponent of wood and paper. However, our bodies ^ack the enzyme 
•-(cellulase) to break down cellulose, so we canhot use i^&s a. _ 
nutrient. Termites possess i^at enzyme , and consequently are rough 
, on" wood- frame houses. , # i 

" ■ Another) polysaccharide, called gXy.cJgen, occurs dnly in* small 
quantities in Lods, but is nevertheless important la' nutrition. . 
The.body stores\ carbohydrates in the form of glycogen, which.it . 



* . ■ t 'A 



t 

# 
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synthesizes from glucose that has been digested. Tfte process is 
reversible and glycogen can be converted to glucose as needed, 

• , .. . \ : • . ♦. . 

T6 sum^Qfu carbohydrates m^y be grouped into three categories: 
mpnosaccharidesr-Tii^cchar ides and polysaccharides. The ex^ples 
we have discussed include tihe following molecules: ^ . 

Mono ^acc^r i de s Djisaccharides . Polysaccharides 

glucose ' maltjose (malt sugar) starch ^ 

' fructose sucrpse (table sugar) . glycogen 

' galactose lactose (milk sugar) . cellulose 

Which elements are contained in carbohydrates? 

What is the^differeriQer if any, between carbohydrates and hydrocarbc^ns: 

Which of the following are pairs of isomers? 

• ' ■ • ■ ■ ' '■ ■ . . . ( 

' * glucose and fj!?uctose . 

^ . . glucose and maltose 

glucose and sucrose/' ' y ' ' 

maltose and sucrose 

What is hydrolysis? ^ Why is i t impqrtant indigestion? 

Vocabulary ;» / \ fr ^ / 

disaccharide (dy-SAK-uh-ride) — a carbohydrate c(;j|sistihg of two 

monosaccharide rindfs. * v ^ 

< * ' . ■ ■ . . . 

hydro lys is ( h v- DRAHL-uh- s i s ) — a reaction in which a molecule is split 
by combining with water. ^ . 

mnnosacch aride (MQN-o-SAK-uh-ride) — 'a carbohydrate lisually containing 
five or six carbons; the building block of polysaccharides. 

polysaccharide (PAHL-ee-SAK-uh-ride) — a carbohydrate cpntaining 

many smaller units. 

/■ ■ ' . . 

sugar — -any monosaccharide or disaccharide. 

■ ■ ■■■■V 

PROBLEM SET 12: . / 
1. ° What elements are found in - \ • * 

■ ■ ' . ' ■ ' * ■ 

a hydrocarbon? 



an alcohol? . 



2. which of the following ' hydrocarbons V are saturated and which 
are unsaturated? . • 



a. 



H H H 



> c, 



b* 



H ■ H 



d. 



H H 



3-. 



t. 



H 

Wh^t is 
What is 



H H H H 

I I I I 

: T I I I 

H H H H 



H 
I 

H— C — -C = C 
I I 
• H H 



4. Which of thei following substances are alc<|)hols? 



a. 



H— c— <j:-hOH 



I 

H H 



b. 



the functional group of an alcohol? 

the structural .formula of this functional group? 



H H 
I I 
H-^C— C, , 
I I- .1 
H H H 



H 
I 

C— H 



C. tH^QH 



. C =5G 

^ d. H-C^' 

c — c ^ 

H H ' - 



5. 

^6"l4 



Draw the striactural formula of a substance with the formula 
(hexane) . \ • , 



6. Dr^w the structural formula of as many isomers as you cap of your 
.structure for Probl^ -S- 

7. complete the foll'^wing equation for the fiydrolysis of lactose; 

i ■■ ■ ■ 
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SECTION 13: CARBOHYDRAItIES IN THEi DIET 

■ ' ■.■ . .■ i ■ ■ ' ■ ■ ■ 

Jl^s jiu^ar desirable in ja ^iet? ' 

Is there a connection between sugar and heart disease? . ^ 

We have seen that qarbohycirates are digested by being broken ' 
down (hydroXyzed) to moftSsaccharides. Starctt, a long-chain^polysac- 
dharide/ is hydro lyzed io glucose, /while va4ous disacchandes are 
hVdrolyzed to glucose, fructose and galactose. Glucose is used by . 
the cells of the body as a source of eneirgy; fructpse and galactqse^ . 
are converted to gliicosev mostly in th^ liver, 

j ■ ' ' ■ ■ . ' ■ 

Monosaccharides and disaccharides' (sucrose, maltose and lactose) 
are collectively called sugars, carbohydrates— starch and sugars- 
are the principal sources of energy in most diets. Foo^s^that are ^ 
.mainly {carbohydrate ate generally l^s? expensive than^ 

mostly 
tained 



protein and fat. Also, many vitamins and minerals are ob- 
from foods that are mostly carbohydrate. 



Ouir bodies 
centage of our 
of adapting to 
ihdustrjLalized 
to. People in 
tend tp I consume 
tion of 1 starch. 



-presumably became suited to obtaining a large per- , 
energy from carbohydrates through many gene rat j^s 
the available foods.- But a trend has occurred in 
countries that our bodies, are apparently not adapted 
some of the richer, more industrialized countries 
a greater proportion o? .sugar and a smaller propor- 
This trend is causing health problems. 



On< 
tact wiih 



problem \is that our teeth are not adapted to being if^on- 
I sugar. \ Sugars are used- by bacteria in our mouthy aAd 



X.diCX. wxx.xi ouyao. . ■*u"sj«.iw — — — , 

cpnvertdd to acidl.. which cause tooth decay 



ThJl trend toward sugars also has a nutritional disadvantage, 
caused the refining of sugars. Carbohydrates naturally occur^ 
with substantial amounts of vitamins and minerals, fi^e;:^",^"^^! 
'ahraunts of protein. But most sugar that is consumed is refined,^ 
an^ valuable nutri;nts are lost during refining. |The table ielow 
compLes the vitamin and mineral content of «ude, brown 
finSd white sugar and brown rice, a typxcal food with a high starcn 
content. Nole?bat crSde sugar is more nutritious than refined . 
sugar. * 







Minerals 






Vitamins 


< ■ 1 




.mg 
Calcium - 


mg 

Phosphorus 


mg 
Iron 


mg 
Thiamin 


mg 

Ribofj^v^ 


' mg 
Niacin 


100 g crude 
brovm sugar 


51 


44 . . 


4.2 ; 


. ' . 02 


ill 




100 g refined 
white sugar 


5- ■■ 


1 




.00 


.00 


,0 


100 g cobked 
brown rice 


•12 


, 73 


t 

.5 ^ 


.09 


.02 


1.4 

) ■ 



Refined sugars provide energy,, but smaller quaritities of other nutrr- 
9nts "than .other carbohydrates provide. Thus thje trend^from starch 
to. sugarfe is made worse* by the^f act^that the trpr^d is from starch to 
refined sugars . ; ■ - j -.--^ ^ 

There is al^o evidence that the replac6men|t of starch by sugar 
in /the diet may cause a more serious problem. It is a disease called 
atAej osclerbsis . fn this disease, fats and other substances deposit/ . 
ir( thelwalls of larger blood vessels over a long period of time and 
cause the inside of . the vessels to become narrower. This narrowing 
restricts tlje flow of blood. In addition, there is a tendency for 
clots to form at these points which may totally stop the flow of^. 
blood. A olot in th^ vessels tl>at supply the heart itself with blood 
may cause a heart attack. In f^ct, atherosclerosis is considered to 
be the underlying cause of almost all heart att< cks . 



1' : 

related to^athero- 



Much of the evidence that dietary sugar is 
sclerosis is statistical. 'Statistical studies show ^a correlation 
between the "sugar (Consumption in ^ country and the death rate from 
heart disease in that coi/ln try. Such a correlation does not prove 
anything.' However, it does suggest the possibility ^hat sugar con- 
sumption couldllead to heart attacks, and since heart attacks^re 
such a frequent^cause'oi death, the correlation indicates that this 
is a field in which research should be done. 

Resea:rch is being done to determine the relation between sugar 
and-atherdfeclerosis, and much is yet unknown. However, we may con- 
struct an explanation based onS/hat is known and what seems reason- 
able. Our explanation may be too simple, because enzymes and hor- 
mones may also be involved. As we explain the possible connection 
betweer^ar- and atjier^^sclerosis we wiU indicate what is fact and 
what is only a reasonable gj^ess . ' . 

The first p^rt of the explanation is based on what is known. ; 
It begins with the digestion of sugars, and the dif^^J^J^^ Af*^^^^?^„ 
sugar digestion and starch digestion. The products of^the ^^estipn 
of both sugars and starches are monosaccharides, but the rates ot 
digestion- are different. Hydrolyzing a stalrch chain into monosac- 
charides requires more time than flitting a ^saccharide. An^^ 
monosaccharides do not have to be^hemic ally ^^anged at all. In 
other words,, sugars are digested much more rapidly t^ai? starches.. 

■ Because sugars are digested, more rapidly than starches, ^^^^^ 
Are absorbed into the blood in a shorter period of time. This rapid 
absorption tempbrarily results in a high concentration of glucose in 
. thl blood? TS^ndersIand why this high concentration of glucose may 
cause a problem, we : must consider what happens to it after it enters 
the^blood. 

■ Glucose is used by the body for energy, but if more glucose^is 
available than thd body immediately 'neqds, it is converted jn^the 

' iiver to glycogen, which is stored for future use. If the body runs 
short of glucoL, the liver can converte glycogen back to glucose 

^'and -release i% into the blood., * ' \ 



•• The liv^r has a Ijjni ted! capacity to store glycdgen. When the . 
liver has stored all the^Xycogeh it can, any remaining excess glu- 
cose is converted to fats. The body stores fats and can use them as 
sotiirces of energy when ijO' glucose is available^ y 




Talucbse- 
Galactose- 
Fructose- 



STORAGE 
IN LIVER 



f \: 

Glycogen 

f f , 



LIVER 
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Fats 



•Glucose 



OTHER 
CELLS 
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BODY 




Conversion, storage and use of monosaccharides. 



Since starch is digested more slowly than sugars, the glucoSe 
produced by sta'rch hydrolysis is absorbed into the. blood at a slower 
ra<te. if the bb^y uses glucode at the ra,te it enters the. blood, the 
concentration of glucose in the blood does not increase-. The c4pacity 
of the liver to store glycogen is not exceeded, and no glucose is 
converted to fctt. \ •; 

■ Our discussion lo this point is based on fact, The remainder, 
however, is ofily a hypothesis based on limited evidence; but it pro- 
vides a reasonable explanation of pne way ir\ which sugar and heart 
disease could be related. 

If the hypathesis' is correct, the problem involves the conver- 
sion Qf glwcose to fat that occurs when glucose ent^rs^the body 
faster than the body can use it. It has l^een found thdt the amoCint , 
of fat in the blood can -be decreased by reducing the amount of sugar 
in the diet. It has also been deteiltnined that ^the rate of develop- 
ment of atherosclerosis is partly related to the. fat level in the ^ 
blood. Thus we may speculate tliat increased sugar consumption causes 
more* fat to be formed, and thaJf while this fat is being transported 
in the blood, a small amount finds its way into the walls of the 
blood vessels . Remember that this possible connection is o-hly theo- 
retical. » The fact that two , things, can happen in the body does not • 
prove that one causes the other. But the problem of heart disease / 
is an important onf , and hopefully the i^esearch in progress will 
demonstrate whether a high sugar diet causes atherosclerosis. _ 

^There is another point worth mentioning. The traditional prac- 
tice of eating dessert after a meal rather than before appears to 
be /& good oile. In the stomach the sugar from the dessert' gets mixed 
in' with the other loods tha|t have been eaten. The result is that the 
sugar is 'digested more slowly. It is whensugar is eaten on an empty 



/ 



■/ 

■/■ 



stoinach, Such as a candy bar at snaak timffi ; that large amounts' 6f 
• . suga,?:; enter th^ bloodstream quickly . | 

There .is no minimum daily requirement for carbohydrates. The 
r main function pf carbohydrates in the diet is to proVide sufficient 
' . calorie^. Carbohydrates could be eliminated from a diet^(and^re-> 
J- placed by other nutrients), but this is not desirable.. Carbohydrates 
' • - are inexpensive, easy to-, store and preserve and they add taste., 
■ There may be good reason, though, to keep the proportion of sugars 
to; starches as low as possible. An ounce of rice-may not be the 
same as a one-ounce candy bar fr.oy the standpoint Of health. 

' " Which nutrient is the principal energy source in our body? 

.Which are digested' more rapidly , sugars or starches? ^ ^ 

What^oes the body da with excess glucose? , 

, ; Does sugar bausi heart attacks? Iwhat^evi^^ence^ there to support, 
your answer? 



\ 




r 



Vocabulary : 

athefclerosis (ATH-ur^- skle^ROW-sis) ^-a P^o?es^^tha^Virnr?Laer 
• 4>the deposit of fats a nd 3ther substances in the walls of larger 
% -blood vessels, and that results in^ narrowing of the inside of 
0 the vessels. \ - ,. ■ / ./ _ ' 
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\^ mat was Coach. Jones' 'secret weapon? ^ ». / 

t.ast track meet of the year.. The big one. The next event would 
be the\440, and the runnei^s' were huddled around the coach. 

• ■ * . ' . • 

Any pther coach would have been giving- them a pep talk, Femind- 
inq this man to keep l^iP head up, 'that one to pace himseif. But not 
Colch Jones. He didn '4 give th^m pep talks . 'H.e gave^ them honey. 

Eldri(igG^ wat,chfed the jar going around the circle.- He didn't 
particularly like the stuff, but there was no way. to get out of , , . 
eatinq it. You at* a third of: a bup before yout event, ^or you 
aidn't rm. Coaphlsaid it gave you, lots of energy.. Eldridge wasn't 

so- sure. ■ '' '• ''■* | . '~ ■ 

•d told the coach he -was afraid the honey 




I 



V • .. .. ■ . ■■. ■ I 



l«i^9w' the' cpaph handed him his cup^ 
Eldrfd§,e made % face at v^lt but he gulped i9 down. , . - 

•nech.y':'..- ' . ■ . . • 

. "Great: stuff , isn't it?", said the coach. ♦ 
"Terrible! It tastes like flowers. " ^ ' ; . 

"Orange blossom honey/' said the coach.' "Special treat for the . 
big meet. How about a secondv helping?" . 

"€oach, I'v^ got so. much energy now I might not be able to wait 
for th^ gun. You bftter save it for the other guys.," : : ^ 

The race went about as expected, eidridgetook sedond, which, 
was no surprise. , He almost took first, and that was a surprise. 

After 'the ra'ce there were ceremonies, and Eldridge couldn't^et 
anything to eat because he^ had to stand around and smile a 'lot attd 
pav Attention to th6 speeches. ■ - / 

- About 'an hour after the i:ace, Eldridge was bushed, '^he team ^ 
captain came over and tpld him Tie was sweating harder now than he 
was when he crossed the finish line., \ . 



"I know, man," said Eldridge. /'I just don't feel well at all, 



. "Flake out on the grass," said the captain. "'You've been *pn o » 
your feet too long.." . ; 

* Eldridge lay faown on the grass, glad to beqause he felt U^e- ' 
he was going to fain^ He wasn't breathing ha^^, but he was tremb^^ng 
all over."' '"^^ . . . ■ . • - . ■ 

" "Get the doc,. will you?" he said. "I'm sick." - ■ / 

" The team doctor bent over Eldridge and looked him overf He * ; 
wiped some of the sweat ^ff 'his face and felt his forehead. . 

'"The way you're shaking and .^swe^ting , looks like you've got. a 
chill. But yoU^re not especially, warm. . How do you feel? 

"Hungry," Eldridge managed to' say. ^ 

^ : " The doctor nodded and then turned to one of the other .runners 
standing around- Eldridge. - . , ■, v< 

. ."'cet some food -o/er j:iere," he said. /"Anything. Hurry up.' , - 

" . • ■'. ■ ■ . ' ■■ . • 

' ' , ^ Eldridge put away a couple of hot dogs and a bag of soggy 
French^fries. Teri ijiinute-fe later he was on his feet again. The, 
doaph'^aftie ova» and a^ked him how he felt. 

"Fine," ^aid the . runner . " Just- ^ne. " , • j . 
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• ..z'- 
• ' \f "Looliyj to me 'i^^ that second helping ; ,-, 

• •honey,-'' -©i^id-thW jcSach.>V^ ' K 

t: ^ Eldriage ' Idojceavat '^^^^ • " '* ■.•' • . 

• "i^y krt6w/Goich>^ V 

'.'l4^ 2 ••H ypoglycemia :-:.;V J ; ■'''!'-f-'' .•\ 

\ Bid Me honey help, ■ V^ > '- ' >" • • V' ' * / 

' ■ ' •,* V', ' ■ *.* ' ' ■-»^ ' . '■ ' ■ . ■ . i ' "■ ' 

Because the body uses %auc6se: directXr for energy ^it has mis- 
: : . takeiili* be0n t^ougAt that eating it i^- ^ the best .way tp obtain ^e^^^ 
.: • .. quiqkiy. Honey is. about' half glucose (the otJ^r h&lf is^ iaostl^.^^ 
.■ * fructose) , ' ana ^Idridge 's coach thought that By ^e'ating^honey before. . . . 
, he rah, Eldridge wbuldV have more rehergy., But the coacl> Was wrcmg , 
■ for tWo reason*-, as we will "-^ee. - Leti^s reconsider how sugar is used; v- 
v^^;: .- inxthef body^, and'^^he^rj^aiffjetenceW b^ an^.- ^ugar^ •- • -^^ 

' . ' ^Carbohydrates - are digested bireaking'^^Aaarge^^^ \ 
/ •smaller molecules, the fi^^l ;&.roduct of th^^' digestion be^i^^^ 
/ r'charides. Starph is hydro ly zed to gluco.se> di saccharides , are hydrp^ ...^ 
lyzed to glucose and other Monosaccharides ^T^^ mpnosac char ides are. •. 
: :V absorbed into the body , wh^rei glu(S56se:«is used for Energy an d^the^^^^^ 
' others are converted to glucose, -Prot^iji and fat are noif uSed for. 

: energy until ;the available gl\4^JOSe ti^s cc^ ^ C ■ v' ' V ■ ■ ' ■ ^ 

: V - , ■ . in Section 13 ciisQ4s§eS th^-:rela^t^on {thae has ^eert^^ h^^ . ' ^ 

• sized between sugar Wd atherosclerosis. that . sugar .py, be- • 
dSefand absorbed- into the. bodr inore -rltf^dly. than it is used -by . . 

■ ^ thfbody for energy.- in this eveht,.;excess--^^^ 

"giycogS Sd vstor^^^ In ^he liver. : -When the capacity the^^iJ^^, : . 

• -Itore glycogen is reapljed, glucose is cony,erted , to ^|at^.; mst. of whi^ 
is sto?ed for^f utuxe ^e."^ -jiowever, i-f the, -^heo:^ dl^cu^ 

. '^previous section is correct, the ^^^^^^^^"^^.^.-^^ " 
. creases ^duri'tig -this coh^«^•rsi6n, ^nd the i-hcr eased f^.t level- appears.. 

to hasten. tha deve;lo|inen€'GrE^^^^^^ ' '^/'[ ■■i 

. • ' ■ To ^t feack-ito MSdge, If ie h^d^^aten a. normal meal.-a . ^^^^ ; . 

. . ho^rs before the Vacfe^^Lhe would hL/e 'had plenty of ^^''^^f^-^':}^ : 

' ^ tHis^od? 'fbr rac^^^^ was unhe.ce'ssary.. ^l^us the coaoh • 

|: ^ : :W^S w^g on one.coun?;:,.H^ was ^dlso wrong for h^t^eonsiderin^^he :; . . 

:S ; role of .a hormorig tW'the pancr^s qaJ^ed^^^^i^^ ■ , .,,r 

^" • . ■ • *- 'to undeifstand what iiisuUn had to do with .Eldridge.' s dolla]^^/:;^/-. 
4. • • ^we,need to ^nt«.duce a new^tem. E^^ 
' * -..itA^^i -Pv^^m -^a r^rinri-i ^-ian called, hvp oqlygemia . The suf rix » eroia • 

or "related to sugar. " The prefix "hypo-" .means too littie^^^ *S "h; 
Hypoglycemia -is the condition of 16w,^lpod sugar . , , .^{^ 

' • The apparent paradox vof glucose causing^ W bloocJ sugar^^.-^^ V 
expXainJ^^I? ^th^, role M insulin.' The function, of . insulin. l^.tP 
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'■■ heip,. the body use • glucose , anS keep the level of glucose in* the blood 
, froiff-'gettirig tpo high/ -If blood sugar rises, as after eating, insu- 
f lin- is -release* into th^ blood,, causing the amount of sugar in the ^ . 
blood to \decrea|^eV / . ; 

. -While insulin helps to keep the -blood glucose level from be— 
6. ■ coining' too high, other chemicals heip to keep the glucose- l6vel from. 
•• getting too low. One is ah enzyme, called insulinase, that destroys 
insu^^^ glucagon. When the glucose level b e- 

:6omes :td6 ' low ^"''gltlcagQh ; stimulates the breakdown in the liver of gly- 
cogen into glucose; ' The liver then feleasets this glucose into the 
feblood, so the.iipod glucpse level fises. Thus the body has mecha- 



|ism8 for k&e 
■p'^p(Bri^^ange> 

:A In Eldtidgi^ 
in fej.ob^ sug^r 




e amd^unt of gl,ucose in the blood within the 



:ase, eating the honey resulted in a rapid rise 
in jaxuuu auy«i. wix^v^,!' in tuxh triggered the raXease of a large 
amoAt of insulin into Ms blood. Because Elldridge, was exercising, 
his Spdy u^ed up the sugWr rapidly—so rapidly that insulin could * 
>tiot bl, destroyed qUcHly eno'u^^^^ Glucose continued to be us^d at 
an abnl^cmalSILy higti rate even after the race. . 

The r^ult was an imbalance;,, the'sugar 'level had already dropped 
but -the lai:g« ambunt of insulin in Eldridge's blood was still signal- 
■ . •<>ing hi^ body , to remove even more sugar from his blood^The concehtra- 
" ;i tion of sugar in EXdrid%e:s blood dec-reased to a subr^al level. The 
' ' iec6rid. flaw in >the . coach's theory was that the high #ucose level in 
the i)loq:d, upset ,th6 glucose-iAsulin balahce. V 

■ . - ' 'As caa bfe seen 'from Eldridge's example, the body's meoha^^^ 

■ f^r regulating blood sugar level ^re n9t capable of responding quickly 
s ■ .eiiough to a rapidly changing, concentration of blood sugar. This sug- 

^ ■ ^::'qesi^ <aiTKyther reaiSon (aside f rom ^the possible link betvpen sugar and 
• arthe^osclerosis) w^^ starch than sugar, • 

•When starch is .digested, glucose fs released mor6 slowly ^nd at a 
' ' mbrfe. uniform rate into the blood. Th:i.s. memis that the amount^of in- 
•'■ sulin "released: into- the bXood is 'also' more mo4e|:ate and an. imbalance 
i / 'such as, tlvat of Eldrldge ' s .5^^^^^^ Xikely. ^ 

V ^ 'Biood sugar Ife^el becomes lowest on6 ^o three hburs aftet the 
intake of sugarC Not enough sug^r is available for need^ of^the 
' body, and the bOd? becomes -ri/eak. ' When the concentration of sugar . 
< : in?the biodd falls to . less than- two-thirds of ^; ncJrrtarl, hypoglycemia 

occur^^ VAlthpugh hypoglycemia is-rajrely. serid^s, the Symptoms . ^ . 
••V (swe&tfhd, shaking;. fatiaiie ahd hunger), cafr: be alarm^g. .^ildiepi- 
^^^qdes. ar&:,Qpntm6n/ yoa may re^^U .experienciiig oni^ yourself.; 

■ • ' V.' Thfite' ii no evld^ce V s^iP^rt^^ Stigar bef 0«^ an^ jthr^tic 
• ^ V eveht , although, it^may %o;t^ hutt :an ^^thlete Va/^er f^rjianc^ . Atliletac 

: perforiftancQ -shoVd be improyed f gpod fti^t '|iidV:^l>ysic.al 
•"^^■■-CQnditi^iii^;.^'^;'^^^^^^^ ■ ■ . ' 

4 ' >;^\akkng" hohey before an athletic. eyenUis not the ^mo si common . . 
"m-Q^^'M hypo^iycen^ia,/ mili^^^ Amej;ic:^ns upset their ^^f^ - 
% aLg^r W^Ubyf A -b^^ of ;swee:t rolls ^nd ^several cups of cOffee, 
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fich with ajf»V spoonfuls of sugar. Too mufih carbohydrate, espe- ^ 
iallyUugar, taken 'on an empty stomach, »rhis br^kfast may help, 
to staat the aaXv but it also causes the ^letdown that comes at 
11 -o'clock. Thjfe: late-t-morning weakness a^ hup.gfr has the same » . 
.physiological cauke as' Eldridge's c^;}ll_aps#^a.f!^ - 

./ We "have been idi'scussing hypoglycemia that^ccurs to .rtosritigl ^ 
people as a result of , too much sugar, b^ing. absiirbed into the. body 
in I short period .of time. However/ it is worth mentioning that *a,^, 
'flw'people may suflfer from repeated episodes hypoglycemia without 
.consuming unusual quantities of ^sugar. -The reasons for chronic rsv^v 
blood sugar are not known ,"TDut there is some indie a-t-ion that the 
cause may hav$"to do with ijisuf f icient secretion oX glucagon. ^ 

In our study of nutxitlon we will havei' other occasions to con- 
sider dietary requir^ents. In this instance and in other situations 
to be .considered, we will see that- obtaining the dietary requirements, 
is not all the?:.e is to good^trition— how you distribute the foo^s . 
which supply these requirements among your daily meals is also impor- 
tant. For example, the fact that you eat one sweet roll and drink 
a cup of coffe-e during the day- does not necessarily mean that you do 
not' have a good diet', but this combination for breakfast is . not a 



'good idea. 



14-3 Homeostasis and/Feedback 



It do homeost/sis and feedback havie to do with the%lood'su^ar level? 



Whai 

The case of Eldridgeand his problems with hypoglycemia illus- 
trates an important property of all life^-that life exists^ within a 
narrow range .6f conditions and that we have built-.ih mechanisms- to . 
maintain th/se conditions'. When the blood- sugar level is too high, 
insulin is./released' causing glucose to be , removed from the blood. 
When the blood glucose level is top low, . the pancreas secr.etes. a 
different hormone, glucaefon, causing glycogen to break down to . 
trlucose thus compensating for the low.blood sugar. 

Body regulation of this ,type is" known as homeostasis Urom , 
"hojrtleo" meaning Isame" and "stasis" meaning -standing*) . Homeostasis 
is/ the property of 'resisting change in an organism.V It is one ot tne 

6st fundamental properties of life and^is expressed not only in . 
maintenance of a fairly constant blood-sugar level, but in many 
other essential ways. For example', there are homeostatic mechanisms 
to regulate the tfluid volume of our blood, so ^^i^'^^^^Vf^.^^^^^,,^^, , 
.water will not dilute bur blood significantly.. In addition, 
pH is maintained .-by an .elegant regulatory system, that we referred^ to 
in Unit I. Basically, through control of the concentratiion^of ^HC03 
. and CO2 in the blood, we are able. to maintain a rather constant pH 
■•in our blood-.' . • / . * , • 

' Whenever there is hon\eostasis,; there must also be signals, that . 
direct the body tb respond to any significant deviation from^ the ; 
• •riJrmar range? ^here must be signals .that control ^thB. produotion^of . ... 
insulin ani glucagon, and there m.ust be signals that cauS^:^he^^b^^^^ 
?0 act in a waf to -increase or^ decrease. £he pHof tJ^e. blood as heeded. 
'Tithese signals are called feedbacks; . . y • ' * 




in the 
more coiranon. 



... ... ■ . . .. . ^ . I. . : : ■ •.. ■ •, . ' - 

Negative feedback is a's|.tu^tion in 'which a change (.fpr^ example, 
an increase in blood glucose)- cau^ses^ event? (the release of insulin) 
f that oppose the change (decreasing blood glucose).' Negative f^dbacK 
"is important in biology,, because it maintains Tiqmeostasis . The . . 
secretion of glucagon in response to low blood glmcose is^other v 
example of negative feedback. A decrease in blooBLglucos^causes 
. the secreition of . glucagon, which opposes the decrelse by causing . . 
.glycc^en to be converted to glucose and released to the.bloodi 

On 'the other hand, positive feedback is. a situation in which'' an 
excess of something (heat, blood sugar concentration, etc) trig^fers 
production/f still more of that thin^, or a deficiency leads to a. 

• further !a:Srease.' One biological example of positive feedback in- 

• volves the conversion . of pepsinogen to pepsin in the stomach'. HCl 
is required to start the conversion, but pepsin acts as a catalyst 

. for its own formation. * Therefore ,. once some pepsin forms, it causes 
the formation of more pepsin. In other words, an increase in^.the 
amount of pepsin leads to. a further increase. This process, fortu- 

• nately, cannot go on. indefinitely and Is limited by .the 'amount of. 
pepsinogen being 'secreted.' into thd^stomach. . . # 

However, positive feedback leads tO| instabilityr.and is uncommoni 
!e body.) Negative feedback, which leads to homeostasis, is far 
common. 

■ mat were i<p flaws in Coach Jones' theory about honey? 

What, is meant by posmve and' qegative feedback? IJow is insulin involved 
in a feedback mechanism? ^ • . ' . / .1 ; . . . 

What . was Eldxidt^e's problem? HoW was his problem related to homeostasis? ■ 

^ What other factors are important in eating habit^ besides Ihe amounts of 
. nutrient^ in the foods? • • •■ • 

Vocabulary ; ' ' » / - 

^ homeostasis (HO-mee-o-^TAY-sis ) — the property of resisting change 

in the Bady. , . 

■.i . • » , ■ . . ■ • . . .. 

h^fpoglyc^ia (HY-po-glv-SEE-mee-uh) — a condition . in which the level 
: / of blood sug|r is below normal. .. . . ^ 

iftsul.in'* ( IN-suh-lin)"— a pancreatic hormone that helps to control the 
« • .^b»L^od-sugar ' level . 

>V.^ak Vve feedback— a situation in which a change causes an oppositib 
.• - to that cnctnge.^ '1 

■•'^ positive feedback —a situation 'in /which a, change causes a f urther 
V : change in tne same ditectiott. 
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SECTION 15: FATS 

15-l. Oyqanic Acids 

What , is the f motional group in organic acids? 

The hydrblysis of both fats and proteins that occurs during 
digestion produces substances known as" organic acidp. In Uni^ i 
acids were defined as substances that produce H^" ions in solution. - 
Organic acids produce H+ ions, but the have other structural char- 
acteristics as well. ; : 

Orgdn*c acids ..have- 'a characteristip functional group called 
the caijjoxyl group, which is often written as -COOH. 

. . ' 0 ■ ■ .■ ■ ' • 

■ ■ ■ ■ -c— 0 ~H • 

The. simplest organic acid is formic acid, HCOQH. / 

I — H 

/. "FORMIC AC: 



/pormic acid could alsO^ be called methaAoic acid^ since it cojitains 
ohe carbon atom, just as methane, and m^hyl alcfchol dp. 



H 

■ ■ . . ■■. ■ r ■ . 

' • ■ . ■ » ■ ■■■ . ' ■ ' 

^ METlIfiNE--— ^ ^ .___5^THYL ALCOHOL » . . 

However, it has kept its original ■aame, whi?^h^^r^-t 

?qrintV, whlre it wal first found long before its relation ^croth^r- 

substarices was known. 

• A second Tifganic acid is acetic .acid, which cofrtains two carbon 
atoms* . . <• , 



H 0 



H^A-i-^O — H or CH3eOOH 

y . ' ■ ■ I- . ■ * . 



* I ■ . • -AdETlC ACID 



AnoVir acid is the ing«edient/which gives vinegar its characteristic 
Acetic acid ^"^-J-^^J^^ acetic acid also predates the time when 
thf It^nLrf yite^^f Se^^ea^^^ s!nce Acetic acid has.two 

carbonsfuke eL systematic name would be 



ethftnoiCj acid, 



0 ^ 



■ ■ * * 



EMC >78 . , _ 



ft* '■■ 



H^^C^Cr— H . H-^-C — C — O— H 



H H " ^ ' ' H ' H 



* I I : , I.I - « <» 



^ H - H 



• ETHANE ^ ETHYL ALCQHOL 

You. have used acetic acid in, the laboratory. 

• \^he acid with a chain ^ three' carbon atoms is called propanoic 
acid. -Its name indicates that it has th^ same number of carbon atoms 
as propane . The . molecular formula of propanoic' acid^ may be written 
either •GH3CH2COOH or C2H5COOH. . ■ . . 

H ■ HiRl ' ■ ■ ■ ■ ■■ • 

• • I ■■■! II . ■ \ 

H-7G— C— C-^P—H > ^ : 



• i- H 



« I I 

.V. ..H H 



PROPANOIC^ ACID 

H- H H. V H H . H. , . 

H--C-^C--C^H * H-Cr^C-C^^^ 

H H H H H^ H ■ . - 

•PROPANE NORMAL-PROPYL ALCOHOL. ' |. 

Propanoic acid is added to bread to inhibit the growth of mold, 
and to foot powders to inhibit the growth of fun^i- 

Organic acids have fypical chemical reactions, and often chem- 
ist wish to^write ah equation which is true for any acid. This is 
" done by using the symbol R to represent the part of the molecule 
other than the functional group. Thu^ R-COOH indicates an entire 
class of organic acids, and could be H-COOH, CH3-COOH, CH3CH2-COOH 
_ _or_some -Other organic acid. For ^xampl^ , organic acids produce H . 
% ions by the reaction - \ 

' , • . RCpOH -)-. H'*' + RCOO" . " 

R may stand f of H, in which ca^e th^equati^n^ represents the pi*duc- 
tion' of H+ 10ns 'by formic acid. 

■ \ . HCOOH h"*" + HCa6" ' 

If R stands f^fCH3, the equation indicates the dissociation of ' 
acetic acid. . . 

,. ' . . CH3COOH H+ + CH3C00"" ■ ;; 

R may be used in the same way with other functional groups. 
ROH is a genetal formula for alcohols with" one hydroxyl group, and 
can symbolize CH3OH, CH3CI420H, 'CH3CH2CH2OH, etc. Remember ^that R is. 
.»a shorthand notation^and not the symbol of an element. 



■ V 



ERIC 



15-2 Esters 



Mpperis vrhen an alcohol reacts^ with an organic acid?. 
What do the- products taste like? * 

the rtart of the molecule that participates in the react3?0n. 



When organic cdmpounds react, usually the functional group is 
uxt,= tJart of the molecule that participates in the reaction. An 
example is the reaction between an alcohol and an organic acid. The 



hydroxyl- group o| the alcohol reacts with a hydrog0n from the carboxyi 
group 6f the acid; the remaindejjs of the molecules do npt, change. 

When an alcohol and an organic acid react , the' a*cid loses a; 
hydrogen atom and' an oxygen- atom, and the alcohol loses a hydrogen ^ 
atom.. These three atoms combine to form water. , The remaining atoms 
of the acid and the alcohol join to form a type of compound called 
an ester. The elimination of water when substances react 'is the op- 
posrte^f hydrolysis and is called dehydration . The term "synthesis^ 
is used by organic chemists to-mean "production ^of a larger molecule 
from simpler molecules. " So the production of an ester from, an a<?id 
and alrnhnl is Called dehydration syyithesis . 

r^c-JIo^h' +. hI-O-R' ' + R-^C-OR' 

, ACID : .'.ALCOHOL * ESTER <. 

* Observe the symbols R and R' . The* use of R indicates that* this - 
reactiok is typical of organic acids in general, and Rf indicates that 
this relction Is typical of alcohols. The prime {') of the symbol R 
indicat^^s that the carbon chain it represents may be different from 
the chain represented by R. The formula. RCOOR' is characteristic ■ of . 
all esters and may be used as a general formula. 

The reaction to -form an ester is characteristic of all organic 
aMds and all alcohols. For example, ethyl alcohol and acetic acid 
combine to form the ester na^ed ethyl acetate. 

• . . H 0- ^ H. f ^ H 0 H H ^ 

.H--C-.C-0H + H0-C--C^H ^ H2O + H~-C- C-O-C-C-H . 
; t . • . • ■ H . H , • ' V H- : ■ VH H ^ " . 

.. -ACETIO ACID. ETHYL ALCOHOL ' ', ETHYL ACETATE * . 

• We introduce esters because fats are ' esters , although they are 
formed from more- complex alcohol and acid molecules than the simple 
•ones we have used. as examples. But the simpler esters, such as , 
etKl aceSte, are no^ without interest in the sti^dy of nutrition.- 
Many alcohol/ are toxic, and acids tend to have^un^l^asant odors 
and tastes, but the esters formed when these satne two types of com- 
^SLd reaci generally -have pleasaht odors and Pastes The tastes 
And aromas of many' fruits- are mainly due to esters. Ethyl acetate.^ ^ 
helps give pineapples their charac^ieristic aroma and taste. Other 
ester? have the "aromas of banana^, wintergreen, apples, pears.- etc. 



- . ■' . » ■.. ■ . 

15-3 Chemistry of Fats . , ' ' j 

•" . ■ > . .-. . "' ■ : ' . ' • . • ■ ■ 

V What is the structure^of a fat molecule? . ^ 

What st^bstances are~fo^med during the digestion of fats? - . 

LivinV cells contain certain esters that are generally insoluble 
*in water but soluble in many org.ani<:!-^ol vents* ; These Asters are 
called lipids.. Lipids are faund in mamy par ts, of our bodies— in cell 
membranes and as protective waxes and oils .of the sXin ar^d ears. 

One class of lipidr^l.s .|nown :ai3 fats . This is a class of nutrii 
ents we have been referring to in digestion.- While a gram of carbo-; 
hydrate provides approxima/tely four calories of energy , a gram of fat . 
provides about nine c^MTies, so fats are important' as a source of 
energy. The body storfes fats as a reserve source of chemical energy. 
V Stored fat is also used by the body for" insulation, and for padding 
'organs such' as the kidneys, ■J^ — ^ 

■ Monosaccharides and disac<3harides have similar, molecular struc- 
tures; ti\e group of substances known as fats also have chemioal 
similarities. , - » ' ■ i . 

Pats are esters formed from- an alcohol called glycerol and a . 
.class of organic'acids called. fa tty acids . Slyoerol has three 
hydroxyl groups; its structural formula is 

OH. ■ .V ■ . 

*/■ - H— C— OH 

- • ' - ^ . .GLYCERpL : , 

I . ^ ■ / \ H ■ ■ .■ 

Fatty' acicib have one carboxyl group and from four to 24 carbon 
atoms, generally an even number, in a chain with no branching. The 
. simplest ^fa-'tty a-cid is butanoic acid (CH3.CH2GH2COOH) , which occurs m 
milk and milk products such as butter. . , 



H H Q 

I I H 
H— C— C — C — C — OH 

ill: 



BUTANOIC ACID 



The molecules of the most common fatty acidsl, however, ..have longer 
'■ chaips 6f carboy atoriV^. .The fatty acids obtjjained from foods typically 
have 16'!6r 18 carbons per molecule.' y 

A characteristic that distinguishes some fatty acids from others ^ 
■^^hd is of great importan<?e ih .nutrition, is their degree of sajurd- - 
tion. Butanoic acid Jias no double sdr^tri^,^,.to;indsr^^^^^^^ 



V*-;. . '-r 



1 



f 



^^nm^^f(di\ therefore a saturated fatty acid. Many fatty acids have 
^r^X!^l^^i^-Oleic acid, which i-f ^^/^^.f "ftu-" 
.ble oils and is shown ..jDelow, is a m9nounsaturated, ^^^^-'^HUt 
rated, fatty' acid--it. has one double bond between carbon atoms. - 
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OLE ig. ACID 



• Linoleic acid and linolenic . acid, which ^^/.^^^|f 

.and are shown below, are both Poly^^^^J^^^^^^^^^^^^^^i^^; carbon 
acid has two and linolenic acid three double bonds between carbon 

^toms. , ^ 
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Alrnhols react with acids to fo3?m esters by dehydration synthesis 
tincfiy^^l has three hydroxy 1 groups, it^ can react with three 

fati 
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OH 



H—C — OH 

H— i —OH 
I 

H 

GLYCEROL 



0 

+ . HO— C— R 
■ A ^ 



. 0 

II I 

HO — C— R + 



0 

HO— C— R 



3 H2O 



rPH^ Worlnri- this Uaction .has three ester groups, it is 
d^a Svcerlde Triglycerides ar, f^ts. The three fatty 



FATTY ACIDS' 

■t 

H — C— 0~^C— R 

+ . 0 

II • . 
H— C^O-C— R' 

— ~^ " 0 

^'h-^c-— O— G— R" 

. ■■ H : 

FAT (TRIGLYCERIDE) ^ 



It is 



called 



\ 



y ■ 




acids may be the same, or they may different. One, two or three 
.of them may be saturated, with the remaindef being unsaturated. 

We saw that a disaccharide, in the presence of the appropriate . 
nzyme, hydrolyzes to produce two monosaccharides.. . A triglyceride 
fat) also hydrolyzes under certain ..conditions. 

You may reball from our disdufssion of digestibn that lipases 
break certain bonds in fats. Thiti is an example of enzymatic hydro- 
lysis.' During digestion, two parts of a triglyceride molecule split 
of f by hydrolysis to form fati^i| acids. The remainder of the triglyc^ 
eride becSoities an tester of glycerol and one fatty acid; the compouiid 
is called a monoglyceride. . ' , ' * 



H , 0 
I II' 
H— C— 0— C— R 



0 
II 



H 
I 



H— C— 0— C-R' , + ■ 2 H O 

' ■ , 0 * 

J. 



ft— C— OH 

4.0 
I. .11 

, H—C-T-O — C— R 



0. 



' II • 1] 

' +/H-0— C— R + H-^0— C— R" 

PATTY*" ACIDS 



H— C— 0~C— R'' 

. - i. . .. 



H— C— OH 
I 

H . ■ 

MONOGLYCERIDE 



' TRIGLYCERIDE 

The symbols R, R' and R" have again- beeen -used to indicate that 
threfe different fatty acids may be involved; Observe also. that 
hydrolysis is the reverse process of dehydration synthesis. Fatty 
acids react with glycerol to form . fats by dehydration , synthesis , 
.while fatty acids break off from fats by hydrolysis. • \ 

' " This hydrolysis reaction occurs during the digestion Of fats , 
The fatty acids and monoglycerides produ6ed during digestion are 
able to pass through^ the walls of the intestines and enter the body. 

' interestingly enoligh, as soon as the fatty acids and monoglyqejrides ■ 
ar^ absorbed, they are converted back to fats and transported through 
the body in that form. Most of the fat is. carried by the lymphatic 
'system, but some travels in the blood. This fat may be- deposited as. 
f^t tissue,' or may caif^e problems that will be discussed in the next 

. section. ' . ' ^ \- . 

• . • ' • 

* , What types of substances rea^ct to form esters? ^ * 

I ^ ■ 'I * ■ : " ' ■ ■ • 

Wjtiat types of substances react to forsiri fats? . • ^ 

^ ■ , . » . ■ - ✓ ' . * 

Are esters and fats formed by hydrolysis or dehydration synthesis? 
y Are fatsidlgested by^hydrolyqi^ or, dehydration, synthesis? 
4;^ocabulary ; 



a 



carboxyl i?rbup (car^BOX-ill) — the f uncirional grdup -C-0,H/ possessed 
by all organic acids . . / ^ ] . . 
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^ deh2rdra±ion--loss of water. ' 

dehydration synthesis- ^-thfe f ormatiogf of a- molecule from smaller moler 
.y . cules involvii^ the eliminatio|i-of a water molecule. 

ester— a compound formed by the dehydration synt^e^sis reaction q£ an 
— alcohol. and an organic acid, with the general formula W 
^ - ■ ' . R'"C"0"R • 

, ■ . " r . ■ 

■ • •. ' . 

■ ■ . ., V ■ ■ • • - . - . ■ ■ . ■ ■ ^ 

. fat— a lipid formed from glycerol and -three fatty acids; a *l|^iglyceride. 

fatty acid— an organic acid having one carboxyl grouTT-and, between four 
^ and twenty four carbon atoms in an unbranched chain. 

' monQunsaturateg— having one. double (or triple) bond between carbon , . ,. 
■ atoms.' ■'. ■* ; ' . .' ' • , • 

organic acid— a compound containing a carboxyl group. 

dolvunsaturated— having itiore than one double (or triple) bond between 

. carbon atoms. ■'>■■.■. 
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PROBLEM SET 15: ' ' ^ ' 

1. Which of the following is ° an. organic.; acid? 
a. CH^^OH. , V ' >c. HCl 

. V *b ■ • . i' 

' II . ' / HOOC-r-C— H 

- b. B^C-l-O— H / . T 

, • . ,. ■ ■'■ . ■ .■ . ■ ■ 

2. write the general formuXa' for an organic aci^ and cirf^le /the 
functional group* • * ^ ^ [ 
.3.. W alcohols and which are • 

organic acids? , ' ' ^ . 

ii 'dp H • ' 

' ■■ . . H_i_({-.i~H d. H-C-OH 



V 



i ' 
fl H H 



i 



• .. H • 0 > • ; . ■ 

h.. H-C~^C— OH :. ' e. R— OH 

; • • .. I ,: . ■ ■ . 

H : . \ ,(R contains carbons 

. , ' and hydrogens only) 



■ - 



H ;, H • • • . ^ 



4, Write the structural formulas of the acid and alcohol which 
realted to give the ester shown below. . 



H 9 y 



5. Identify each of the following fatty acids* as saturated, mono- 
unsaturated or polyunsaturjatedi ' . , 



a. 

1 



H H H H H 0 

• ' ' ): X i I 

H— -C— C*-C=» G — C— C — 



OH 



1 I 
H H 



. . H H H H- H O 
11 I I M II 
b; H-C-~C=C— C=:C--^— OH 

. ■ . I ■. ■ "• ■ - ." 
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c. 



H H , H H H 0 
J. ' I 1 ' J! 

k : H " H li H. . 



OH 



Write the structural formula of a fat formed by glycerol alid^ 
these three fatty .acridsv ■ 

6; Some information is missing in the followdrigN^ble, at places , 
indicated by letters (a, b; c, etc.), Suppl^ the Xissifcg names and 
formulas."" , ^ \ 



HYDROCARBON 


ALCOHOL 


, ORGANIC ACID ^ 

t> ■ ' . ■ ■ 


H H H H 

1 I I 1 
H— C— C — C— C-H 

III!. 
H H H H 

• : NORMAL- BUTANE 


: ■ ■ ^ ^ 

■ * ? 

(a) ■ ■ 

* 

NORMAL- BUTYL ALCOHOL 


. h1 h h 0 - V . 

1 1 1 " „ 

H— C-C— C— C— 0— H , . 

Ill 
H H H 

NORMAL- BUTANOIC ACID 


(b) • 

NORMAL-PENTANE ^ 


>. 

H H H H H 

1 1 J 1 1 
H—C— C—C— C — C— 0— H 

1 I I I 1 
H H ,H H H 

" NORMAL-PpNTYL ALCOHOL 


H . H Hi H 0 

1 1 1/ 1 II 
H — C - C — C —C — C —0 — H 

' H H H H^ / . 

' (<3) ' ' 


H H H H H H / 

• 1 1 J 1 1 1 
H— C — C—C-' C— C — C — H 

■,1 I- III 1. < 
'h n H H H H 

•)■.■■ 

NORMAL- HEXANE > 


H H ' H H H H 
H — C— C -»-C— . C — C — C — 0 — 'H- 
i H i IH M H ♦ 

(d) ; . 


■ ' • . (e) / ' . 

r. , 

NORTIAL-HEXANOIC ACID 

1 : \: ' 
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f. Indicate whether each of the folliwing compounds is a hydrdcarbon, 
alcohol, este-r or acid. ' . I 



H ^ 0 H . H 

a* H— o-l—c— (j:--H 

H'-. . • H H 

■■ • . . , . • ■ I- . 

H H 0 
b,. n^C^Q—C — O-^ 

H H. • • ' 



H- H' , H . 

V I I , 
H~C^C— C— H 
. I 11 

. H H H , 



H . 
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H O H H 

i, ' ' ' 



H H OH' 
1 I II 1 

H — C — -C ^0 -r C--^' H 

' H 
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H 
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V 0 H 0* 
II I 
f . -H-sCr^i— C— H 

' H H H 

1 

H— e«c.^G— H 
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H 



H H H 



8. What tiwo corapounds . or types of compounds are. formed by the ^ 
hydrolysis of fits? . . ^ . * ; : 

9. "which of the fatty acids listed belpw are obtain.6d by hydrolysis 
of "the fat with the « following structural formula? " \ 
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II I *l ' I ^ 
H— c — 0 -'C-4 G— C--H 

H H H 
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H— C — O. 
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■J! 1 1 11 
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i irk V 



b, H: 
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d. 
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I 1 I >M • r ■ 
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. *Whi<Ji>of the jdompQunds above. are saturated, which are mono'i V * 
unsaturate]^ and which -are polyunsaturated? ' ; 

10.. Complete the following equation for! the hydrolysis of a, fat*. *' 

H. \0' H H H ' ' " ' • . . : '• 



H^C— 0— C— C — C— jC— C~ C— H + 2 H„0- 

% ' , : . ' . . H . . ■ ■ .. . 

■ ' ■ ' * ■ ■ 

- 0 H , H H > . — ^ 
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SECTION'' 16: ' FATS IN THE DIET ^ . ' r. *: ^ . ' ' 

16^1 Fats- and Health .. ' . 

Are 'saturated.fattii acids or unsaturated fatty acids ptef er able in-a diet? ; 
. " « Why is the type* of fat-'^n. a diet important? ■'' .. *• S ' • . ■' .. 

V 'Fats are valuable sources df energy and Ijave other functions in 
our bodies as Well. However, not sd.^ fats are equally beneficial.. 
■• /■ ■ : - ■ ■ ." ■ . 

^ In the previous sebtion we drs^ihguished beytweeri saturated fatty 
acids and unsaturated /fatty aoids> Saturated faftty amds have no 
double bonds between carbons, monounsatujated fatty acids have one v 
double bond " between carbons and polyunsaturat^;d -Ifatty acids hay e 
more than biie' . ^ . >^ • . * . > ■ 

' ■ Fat occurs .an foods' as a mixture of many f^t compoiindEl, which 
in turn are composed of a,, variety of f^tty acids. .iP^ts with a large, 
proportion qf unsatu!C?ted fatty ac4.dsr generally hav^ low^r melting^ 
points than fats with a lar^e* proportion of saturatea; fatty acids. 

Fats that are liquid at room . temperature are palled' oil^ . . Most v 
oils usei as foods are obtained Erom vegetables and ar^'not to be 
confusedTwith motor oils. 'Motor oils are derived froirt petroleum and 
■ are not fats, but hydrocarbons.. Most food oilS; (coconiAt: oo-l is •an.. 
Exception) contain avlarge percentage of unsaturated fatty .acids. 
Fats of animal origin-are 'compo9ed\large]i4<bf saturated; fatty acids. 



The following table gives the percentages of fatty acids th'at are 
saturated, monounsaturated arid polyunsaturated in the fa^s ma 
few. foods.. ■■ • • . 



* ^ ■ 


Pat Source 


Per Cent 
Saturated 


Per Cent 
Monpunsaturatsd 


Per".Ce]^t: 
Poly un sat lira ted ° 

. L___ — 


a ■ 


Beef 


53.5 


44.0 ' 


.3.0- 


H 


Eggs 


35.0 


' 50.0 


> ■ 


Butter 


65.0 


31.5 


\ 3.5 . 


H 


Corn Oil 


.15.5 


29.0 * 


55.5 


•s 

0) 


. Olive Oil 

/ 


15,5 ' 


75.0 


9.5 




'- ■ ■ / 

Safflower Oil 


7. (J 


■ „ 18.5 


74.0 ; 



. .Margarine, incidehtally, is made from vegetable ' oils, such as 
com oil,, by the procefcs of hvdrogenatibn . Hydrogen reacts: with the- 
carbons that are next to double bonds in unsaturated fatty acids. 



ft, 



/ H H 
f I I 



H H 

I I 
H H 



The fatty acids produced are. thus more highly saturated than the ^ 
' • .original fatty acids, and the resulting f at /^as a higher melting . 
pS^t? Margarines differ widely in their proportion -of satur^^^^^ 
/ fatty acids, depending upon the degree, of hydroqenat ion. _ Some m^^^ 
^ gariLs eveA contain a greater percentage of saturated fatty acids 

(than butter. As a general rule/ of thumb, the softer the marga^^^^^^ 
at room temperature, the lower the proportion of saturated fatty 
acids. ^ 



We have gone to some trouble to distinguish un3a«urated fatty 
/acids from saturated fatty acids. What' dif ference ?°e^^it^^ake? ^ 
-The difference, has to do with^ atherosclerosis and ^f^h cholesterol. , 
Cholesterol is an alcohol with a large molecular weight and a com- 
nipv structure It can react with a fatty, acid to form an ester. 
: gioLlterSns-syithesLedln our livers, .^"^f ^^^^^^^^ ^^^^^ an^^ • 
is obtained from food sources-notably egg yolks,, meat > butter and 
some seafood. It has a variety of fuhctions% is stored in our livers, 
and is found, in other parts of our bodies-. • 

• " According to the Pramingham Study (Section 2-2) , a^high.conc^n- ^ 
.tratioS of cholesterol in # person' s blood Is Jassociated^with ^ 
heart disease. This is a statistical correlaiion,ar^,a^^^ • 
discussed, Juch correlations are not absolut^proof ^ In thtfs case , 
there is ilso other evidence relating cjholestbrol t^ atherosclerosis. 
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Atherosclerosis is . the »Gondition in which Xipicjs,^ including fats, 
deposit in the walls of large blpbd vessels, and cholesterol is one [ 
of the main components of these 'deposits. The rate at. which athero- \. 
sclerotic deposits form aj^pears to be related to the Concentration of^ 
cholesterol ill the blood. The- accujnulatibn of depo'sita in tl^e walls 
of blood vessels gradually" closes. off the vessels to the flow of 
blood-. Atherosclerdsis Is. the leading cause of heart attacks. 

' ■ ' ' ■ ■ ■' , . . ■ ' ■ • . 

The body may obtairt cholesterol directly from foods, and it may 
synthesize it from fatty acids,* amino aV:ids, glucose or ethyl alcohol. 
It apf)ears that most people synthesize mbre cholesterol when less is. . 
included in their diets)^ 'sa that the concentration of Cholesterol in 
the blood is. ndt necessariljy related to the . am'Ount in the diet. How- 
ever'> some people apparently have high cholesterol levels because the^ 
liver does not decrease production to compensate for the cholesterol ' 
supplied by the diet.. Also, a diet may supply more cholesterol than 
the liver would produce if cholesterol were absent from the diet. 
When this occurs, the diet is responsible for a high blood choles- . 
lerol XeVel. ' / ^ 



f But . the diet is more commonly related- to cholesterol in the 
blood in another way, beaause the type of fatty acid in the diet af- 
fects cholesterol concentration. Polyunsaturated fatty acids tend to 
■ decrease cholesterol concentration, while monounsaturated fatty acids 
appear to have no effec%. But saturate d fatty acids increase choles- 
terol levels. Current evidence indicates that the total' intake of 
saturated fatty acids is* the most important dietary factor affecting 
.the blood cholesterol level.. 

* * * » ' ■ . . ' 

Certain people with high cholesterol levels have bipen put on 
diets low in saturated- f atty acidS and high in polyunsaturated fatty 
acids. After several months oi\ this diet, their cholesterol •concen- 
trations have been found to decrease significantly. This ts part of 
..the evidence «in favor of polyunsaturated fatty acids'.-"^ 

•Fo.r this reason it is desirable 'that fat rich jli polyunsaturated - 
fatty acids be used in a diet. Oils are a desiirabld source of 'fat . 
. Fat in meat, eggs and otheis food from animals is higher in saturated 
,fatt^ acids. Therefore, these foods constitute a less c^sirable 
source of" fat. ' 

V • . • -> ■ 

I ■ ■ * • : ■ ' • 

' ■ Eliminating sources of saturated. fatty acids and chplesterol 
from our diets would be difficult, because many of these foods are 
also good sources of protein and include such favq^tes as. beef, eggs 
and cheese. A common recommendation is that the ratio of polyunsa- 
urated fatty acids to saturated fatty acids be at. least one to one 
. (Ill) for most.people, and at least two to on& . (2:1) for people with 
high blopd cholesterol levels. * ' . ^ * , . " , ' 

A few ways to reduce the saturated fatty, acids in yqur diet', are 
"to drink loC-fat or nonrfat milk, use soft margarine instead of .butter 
. and use oils that xire high in polyunsatura^ted fatty acids. (Note < ^ 
safflower Oil in the tpibl-eVgiven earlier in this section.) ; ^ 
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Complete elimination of fat from the diet is also undesirable 
because we 'need specific fatty acids for certain functions but can- 
not synthesize them in our bodies . Linoleic acid -(-its structure .was 
given as an example of an unsaturated, fatty acid in Section 15) is 
one such fatty acid. Since linoleic acid must be supplied by the 
diet, it is said to be an essential -fatty acid . • Arachidonic acid, • 
which has twenty carbons and four double bonds, is also needed by the_ 
body and either must be obtained from the diet^ directly or synthesized 
within the body fi^m linoleic acid. Laboratory animals placed on , . ; 
diets cbmpletely lacking in the essential fatty acids have eventually 
developed liver damage' and; skin sores. Retarded growth and abnormal, 
pregnancies have also been traced, to. diets lacking the essential . - 

fatty ; acids. .■ . . '. ■ . ' . \ . .. . l'-' 

■ " ■■ • ' ■ ' ■ ■ ' - . . •• 

' mat kind of fats tend to he solids,, at room' temperature? • Wh^t. kind 'tend ^ 
to be liquids? ^ - ■ '- . 

What is the relation, between the satutation. of fat-m acid? ^in the diet and 

thh amount of cholesterol in the blood? - ■ . , ; . 

■ . ■ ■'' • ' ■ ./> ' • ■■■■■■■ ■ ' ■■ »■ 

: Is the amount of cholesterQl i/n the blood pier-mined'^ 

cholesterol in the diet? ^. : . / 

.■ , . ■ . ■ ■ . # ^ 

■ . ' ■ ■ . ^ ', ' * - . 

What is the relation between chUest^rd^' and atherosclerosis? : 

■ /.■•■'■ - ■ 

Why are polyunsaturated 'fatty acids prefej^a^ble ta^s^turated fatty acids? . . 

Vocabulary ; : ' \ ' 

essential fatty acid— fatty acid that:4uW^be supplied by the diet. 

hvdroa enationx'(hY-^RAH-iuh-.NAY-shuny — reaction with hydrogen; 
— specif icam, the reac tion of Ijydrogen with carbons on either 
side of a/double bond. ' V. , 

. : '/.,.'" ■• • ■ ' 

oil^A fat/that is a liquid at room tempfirature . , 



SECTION 17: PROTEINS' ' ' . 

• ' " , . . . . ■ . • • ■ 

••17-1 Ami lies arid Amino Acids v . 

.^../ What functional groups' are foand . in amino acids? . . ; ' . 

/' The alcohols, p.rganic acids' and' esters we have discussed a| well 
'as carbohydrates anS fats, contain only carbon, hydrogfn and o^Jrgen. 
-ut many other organic compounds, including ^^if^' J^"*?*^^^ 

itrogen,* Recall that when proteins are digested, they are broken 



But 
ni 

down to ^mino aci{5s * 



me should be no 

stranger to you; it' is' the carDoxyi group, -uuun, which is chara 
istic of /^ll^prganic acids. The other functional group in amino 



Amino acids cqjitain two functional groups. One should be 
q^r to you; i'l^is^ thrcarboxyl group, -COOH, which is character- 



• ■ ' ■ ' • ' ■ • ■' ~ ■ ■ ' . ■ * ■ - 

acids is called the amino group > '»nd contains a nitrogen atom. ■ \ 

(The word "amino" suggest? a rela^fcion to ammonia, NH 3.) 

..A nitrogen atom may fill its outer shell by sharing electrons . 
with three other atoms, so nitrogen typically forms three covalent 
bonds. In an amino group, two of these bonds are to hydrogen atoms 
and the third is to an atom in the rest of the molecule. Thus the .. 
amino group may be represented as 

— or ^NH2 . • . 

(The .diagonal arrangement of bonds in the structural formula is only^^ 
a matter of style, and. is not meant to indicate shape.) v 

The simplest compounds that contain, an amino group are primary 
amines,.. in whi^h the amino group is joined to a hydrocarbon fragment.. 

' The substance with the following structural formul'a is called 
methylamine (CH^NH^) • Methane ip shown for comparison. 

• . . • H— C— H H— C— . 

- • . I I "^H .. . 

H . . . H. ■ . . ■ , 

METHANE METHYLAMINE . 

■ • . t 

The compound in which one/ hydrogen atom in ethane is replaced br'a^r- 
amino giKDup is ethylamine (CH2CH2NH2) > . 

. ' . ' ■ H ■ H ' ' H H 

■ ^- H— C— C— H H—C— C— N. 

, , : f I ■ \ l A ^« _ 

. ' . . . ETHANE ETHYLAMINE , * 



The general formula for primary amines is R-NH2,. ,The system 
naming ^imary amines , as ycni can see from the examples of methylamine 
and ethyj-amine, -is similar to the system for naming other classes of 
pirganic expounds, such;as alcohols. 

Amino acids, /as we'stated, contain both an amino group and a. 
carbpxyl group, The general formula for all amino acids is 

: • ■■ ' „ H. 0* ... 

.O—C— OH I 



H 



i 



The part of the molecule represented by R differs from one amino 
acid to another. The formulas of a few 'amino acids^^ shown on the. 
following page. (Groups represented by "R" in the general formula ^ 

are circled. ) . ; , • 



; 



GLYCINE 



:'— OH 



H 



H 



H 0 
t\ I 11 

ALANINE 



-OH 



•OH 



H 




^-H H-^C-H ^ 
VALINE 



^N— C— C — OH 
CYSTEINE 



aeid. After Vthe water 
tasting^%^stWnce. He 



the first amino acid was discovered by chance. j:n 1820, the 
Frenbh cheitiiSt Braconn6t was heating a protein called gelatin with 

■ ^ ^had evaporated, he found crystals of a sweet- 

nce. nei named these crystals "sugar of gelatin," but. 
they late'irtcalne to.be balled glycine. "Glyc" as in aii^Cine, ^ . ^ 
glycogen andliypogl^emia comes 'from the Greek word for sweet. . 
cHSSilts^ater dil^ered that glycine had an am W group and a car.^ 
boxvi cfroup attached to the same carbon atom. Soofi other substances 
SfoSd^wit^^ carboxyl groups attached^o the same carbon, 

andiv^ntually the list of amino acids that occur ^1;^.^^^^°^^^?^. _ 
systems grew to over 20. From these ammo acids, all the proteins 
i:n^'plants and animals are 'constructed.. 



/17-2 The Chemistry of Proteins 



' ' How are amino acids formed durihg digestion of ^ 

* Proteins are important structural component:s of living ceUsv 
Many structures of the body, such as mus&les, hair and skin, are 
"composed mainly of protein. Proteins als/o serve spec:^alized functions 
in the body as hormones, antibodies and enzymes. 

Proteins are • formed • froi^i amino acFds by dehydration synthesis. 

TWO amino acids form a bond when the amino g^°lfP °f^°"^-f}f^t!' de- 
reacts with the carboxyl group of the other molecule. AS in all de 
/hydration synthesis reactions, water IS formed. 



H 
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R 



-OH + 




H 



H2O 



H 
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fo H 1 H 

H J ' J. 
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u — — — I 

R' 



-C— OH- 
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The prbduot of this reaction is a peptide , more specifically a 
dipeptide . The -C=0 and -N-H groups joining the two amino acids 
a:re called a peptide linkagg . . • " . 

The dipeptide thus created is free to react with another ammo 
acid by forming another peptide bond, 
a very large molecule has been built, 
is a polypeptide. ' 



The process may continue until 
"Poly", means "man^,"' 



so this" 

t. 
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Proteins are extremely large / complex polypeptides. A typical protein 
consists of between several hundred and several thousand amino acids. 
The molecular weights of proteins vary from 5,000 to 10,000,000 amu. 
(Just hope your teacher does npt require you to calculate the molecu- 
lar weight of a protein from its f ormulal ) * 

^ Each proteirf has a definite arrangement of amino^cids. Pepsin, 
.for example, has a different arrangemeiHt of amino aci^ from amylase, 
and both of these proteins^ are distinct from insulin. 

The relationship of amino acids to proteins may be likened to 
the relationship of letters to words. A word has a definite arrange- 
ment of letters. If one Tbtter is'changed or is missing, the word 
may take on an entirely different meaning, or have no meaning. If 
a protein lacks one of its amino acids, it may be unable to serve 
the specific function required of it by the body. 

■ . .■ ■ . , ; * * ■ . 

Proteins may be broken down to smaller units in the same way 
that carbohydrates and fats are, by hydrolysis. This is whiat happens 
in the digestion of proteins.' In fact, the r-eactions catalyzed by 
pepsin and other proteinases, during digestion are hydrolyses . Under 
the proper conditions, water will react with a peptide linkage. The 
following equation represents the hydrolysis of the dipeptide alanyl- 
serine to form the amino acids alanine and serine." • . 



peptide 



^ linkage^ 



H H H Q 



H— C— H H—C— H 
|l 

V H H 
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111 r| 
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17-3 Thb Architecture of Proteins _ . . j 

How is the three- dimensional structure of a protein related to^ its activity? 

You may recall that in our discussion of enzymes and substnat^s 
(Section, 4) , we emphasized the structural fit between the two.. This 
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is a three-Qlimensional fit— it has been likened to', a lock and key. 
The shape of a protein is crucial to thei interaction between an 
enzyme and. a substrate. , 

The structure of a.pr*btein involves more than simply th6 sequenc 
of amino acids in the chain, because a polypeptide chain can twist in 
many different ways as suggested schematically in Figure 1. ^ ; 
stands for "amino acid.") If this were a real polypeptide, only one 
of the two structures shown co^ld perform a particular biological 
function. . ' . 





.lA. 



IB. 



FIGURE 1: Two possible arrangements of a polypeptide. 



A diagram of part of a real protein is shown in Figure 2. The 
figure shows the three-'dimensional arrangement of ^the first 33 amino 
acids in an enzyme known as carbonic anhydrase. This enzyme catalyze 
the reaction - 



carboQic 
^anhydrase 



H2CO3 



+ 




FIGURE 2: — Structure of part of carbonic anhydrase. 



As you may recall, enzymes operate most effectively at a specific' 
pH and at a specific temperature. : We can now . explain these observa- 
tions in terms of protein structure. If we change the pH or the tem- 
perature of an enzyme, we c^use a. change in the three-dimensional 
structure of that protein. As ^ result, the enzyme aAdj the substrate 
will not fit together well or will not fit together a| ^all. .. 

Apparently the shape of a protein depends upon numerous weak 
chemical attractions between its parts. In Figure IB, note that AA2 . 
and AAs are close together. This may be because AA2.has an R group 
with a" negative charge while AAg has a positively charged, R group. . • 
Or the two amino acids may be joined by a 'hydrogen bond, just as 
water molecules form hydrogj^en bonds. If the temperature is increased 
a few degrees, the hydrogen bonds maybe broken and .the,j^roteii:i will 
change shape and lose its' activity. This is called detiat<urat|on . 
Similarly, a change in 'pH can also change the shape of a |)rot^^in mole- 
cule, thus leading to a decrease or loss of activity. — 

17-4 Review of Organic Chemistry , ' 

We have now considered several "classes of organic compounds, 
which are given in the, table on the following/ page . You may wish - • 
to refer back to- this table from time ..to time. 



Class Name 


Functional Group (s) 


General Formula 


Example 


saturated 
hydrocarbon 


\ 




H H- 
H— C— C— H. r ^ 

ETHANE . " 


vinsatufated 
, hydrocarbon 




. 0 ' 


H H 

r I ■ 

■•■ r 

■ : ; - H ■ H 

ETHYLENE . 


alcohol 


-OH 
hydroxy 1, 

■ % 


R— OH V • V 


H H . 

11 
H— C— C— 0— H 

11 ^ 

■• ■■ H H 

ETHYL ALCOHOL 


organic 
acid 


0 

II 

-C— OH 
carjpoxyl 

< 


/ ■' 

4— C— OH 

• 


. ■ vH ' 0 

1 U " 

H— C— C— 0— H 
ACETIC ACID 


ester ^""^ 
• > 




R— C— 0— R' 


H 0 H H 

H— C— C— 0— C— C— H 

.1 * 1 
H H H 

ETHYL ACETATE 


. : ■ y 

primary 
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— N " 

: . 
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/H . ■ 
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. \ 1 u 
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Vocabulary ; . ' - ^ . ' , 

amino acid' (uh-MEAN-oh) -<ra^ substance with the general formula 

~ ■•. ■ ■ ■ ' ■ ■ ■ ' .. '. ■• 

w H O 

•, ' . i . ^^v.- i• 

N— C— C— OH ' 

amino grouj) — a functional group consisting of one nitrogen and two 
hydrogen atoms as shown, below. • 

V:.'- . ■"■ • ■- ■ ■ . ' ' 

• . •. ■' ^H 

. ■ > ■ - 

dena turation (dee-NAY-chur- Ay- shun ) —a change in protein structure 
accompanied by, a loss of biological aotivj-ty. • 

. . ' . ♦ ■ 

di peptide (dy-PEP-tide) - -a molecule formed by the combination of . 
two amino acids. 

peptide— a combination of two or more amino abids; if many amino 
acids are involved, it is described as a polypeptide. 

peptide linkage — the group of atdms (shown below) that joins, two 

amino acids in a. peptide or protein.^ . 

. O H 

primary amine (uh-MEAN) - -a compound consisting of an amino group 
, joined to a hydrocarbon fragment. 

protein (P RO- teen)— a large molecule that consists of a chain of 
amino acids joined by peptide linkages. Proteins are poly- 
peptides, but only large, complex polypeptides are classed 
. as proteins.. ^ 



PROBLEM SET 17: ^ 

1 Identify carboxyl groups and amino. groups in the following 
compounds. . Which compound is a primary amine, '^nd. Which one is an 

amino acid? ■ / 

H H 0 H H p 

■ ■ b. E-OH C. H-([-^i-C^OH 

• A . . « H~i— H . : H H : 

■ . • : ■ H ... 



2. Identify inthfe following group a monosaccharide, a disaccharide 
an est^r, -a saturated fatty acid, an unsaturated fatty acid and an 
amino acidi i . " • ; 



■ f. > 



ift^c— c—c— c — 6— c-m:— C--C— c— 



OH 




d. 



" i i ! ■? ? ! ? )l 



H 



J- 



OH 



J^N— i— C— OH 

i 

SH ^ 



f . 




^ . . ■ 4 

3, Of the molecules in Problem 2: 



a. 



which two a're^ carbohydrates?/ 



b.. which is a building block for proteins? ; 



Cv 



Which, are produced by the hydrolysis of fats? 



4. ComplQte'the following equation for the hydrolysis of a f 
dipeptide'. y- - ■ . ^ ' ' . 

H ■ 'o H H 0 

/ j^^N--4--^c---ii— c — -S- oh; , + H.o - 

'5. Dravr the structure of two different dipeptides which, could be . 
foirmed from these 'two amino acids. - '. . /i 

. /^N— i— I!— OH and- , ci— OH , . 

6; Consider the following substances: glycerol, glycine, lactose, 
amylase, starch, acetic acid/ corn oil. ' 

a. For each of the above except amylase and corn. oil, list any 
fun<5tionfl groups. > 

■ b. 3 Which of the subetances are organic acids, carbohydrates, 
alcohol's, proteins, fats) amino acids? , 

c. Which i^ubstance is ah ester? > , ■' 

d. Which substance contains peptide linkages? 



SECTION 18: PROTEINS IN THE DIET , ^ - 

. ■ ■ ■ ■ ■ . • > . , ■ ■ ■ . ■ 

18^1 Protein Requireityents ^ , * * . ^.^ " 

How is "tfte amount of protein we. need determined? . 

Proteins are major cdmponefits of all the t:.ssues of the body ^ 
as has been pointed out already. Many of the k^y chemicals of the 
body are proteins. -^Carbohydrates arfe required mainly for energy, 
jDut the primary function of proteins is to build and maintain the 
struct:ure of the body . " jr''* " . . • 

The pipoteins ' o| the body ^JS^ri^Hhade 'of 20 or so different artiino 
acid?. We likened i^heseaminoksid^ to letters and proteins to 
vVords. If a wor4 -does not contair^ the correct letters, it is mis- 
^pfelled. Ijf a protein does ndt include the correct ammo afcids, it 
mf^not be able to perform its functions in the body." ^For eicample, 
a hemoglobin molecule donta,ins about 600 amino acid units. In a 
coridition known as sickle-cell anemia, two of the 600 units are 



clifferent - fronT those ip norjnal hStbglobin. -As a result of this 
*' slight (fiffer^nce, red l?lo6d cells taHe linusual' shapes '(for instance, 

t^e sha^e of a sickle) wheh th6y ai?e deprdved'of exYgen. These dis- 

- V t6r4:ed cfells bireak up .easily-? a result, is that the oxygen-Carrying ' 
o^' -capacity- of the blood is 'diminished.;'* . ^ ^ . , 

■ • M6st af'.the amino acids are synthesized by our bodies in suf fi- ' 

.'. • . •■ ciehf quant4.'t'iis. Buf eight amino acids, and'iirore *in growing qhil- 

- • ^'drenv are not and must';be suppl/od in our diets These* eight are ' 
V the' ttssential anHfao acids ; it i^/essential that" -they l?e included m 

•^ur diets. ' ' . « . . . 




- Animal protein contains aiAno ^acida; in approximately the pro-' 
,. -V ..portions required by our bodi^, (This.^ip^ot s.urprising, since we 
/ t' are V .after all, animus. ) Proteins* which contain eno.ugh -of all the 
**" .essential amino acids to be able,'to support human life are called 

complete proteins . Sources^ ofv Complete protein include meat, "fish ,i 
eq^s ^nd dairy products.' .'i ■ V * 

,. ■ • ... ' '■ • • .. ■ ... ; 

" Jiqs£ vegetables, fruits and grains are not as desirable as - 
sources <3f '^)rote in, 'because the distribution of amino aci^s is not 
as <tood'. ' Peas andr^beans. , fdt instance, sifpply adequate founts of 



' md^iy amino acids, but relatively little tryptophan .and methionine . 
« '.Thes? are 'essential amino 'acid^r Snd a person whose ;diet contai.a^a^ 



no other protein^sources-. tl;an peas and |jeans could develop a deti- 
ciency.of tryptophan and methionine. ' 



Proteins .with small amounts (or none) of ohe^ oif more :e^sential ^ 
amino acids are said to be incomplete proteins . The proton in peas. 

• and beans is incomplete because of the shortage' of tryptophan and 
■ " methionine. But although most vegetables do not supply complete pro- 
tein,' they.neji^e^eless make .a significant contributioip of the amino, 
acids they* do ^proVide". • • • •.' . 

• Cells in our bodies are continuously dying and must be replaced. 

• All cells contain protein, and our primary need for protein is to 
\ build new cells." Children need more.^rotein in . relation to. their 

weights than adults do, since, children's bodies must not only re- 
• place old cells, but produce new cells for growth. Even adults re- 
quire'^some protein for growth; hair and fingernails, for example, 
are made mostly of. protein. * V ^ ' . » 

' Protein that is broken down in the body is converted to . oth^r 

substances 'and Ipst' in 'urine, feces and sw'eat. 'Studies have be«n 
made in which the'' amounts "of protein lost in these ways have- ^een ^ 
determined. . The results of these studies' h^ve beenN^ed to estab-^ 
. lish the-' protein re<3uirements of the body. In additi>9n, the aipount . 

• of • protein needed for. growth has been determined., ^ • . 
' • • * ■ ■ • ■ ■ 

Information from these studies, however, gives only the minimum 
protein requirements. for average individuals of various ages. To 
provide a margin* of safety and to take account of , the fact that 
people differ to some extent in their needs,, the minimum require- 
/ments are increased substantially.' 'The result is caMed the ' 
. recommended daily allowance (RDA) . , ; 

^^r \ -' V 109 ■ y: 
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■ The following graph -shbws the RDA of protein from birth- age - 
251 . Note that the quantities! of protein a,re expressed as grams of 
proteih per kilogram of bo<ay 'weigt|^. The values given (which inelude 
the margin of safety just discussed) .should be adequate for practi*- ,• 
i cally ^11 healthy individuals. 'Ages beyond 25 years are not ^hown, 
r because once growth stops- th$ need for protein remains constant 
^roughout the remainder of life. - * * . . ^ \. •. 



V. . 



•' ( 

■X . 




Age In Years 



Notice that the need for protein is Highest in the first months 
1 Of life and declines steadi-ly over time uritil growth ceases . This 
<jnay^ be^somewhat surprising "when one considers the large amount of 
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- growth that^takes place in the early years of adolescence. If we 
think ?ibout growth. in terms of percentage increase in body weight, 4 

• howe\«er, the reason for the steady flecline in the need for protein \ 
becomes clear. .In the first yeay qff, life, body weight increases »y 
100 per^cent or more. Over the four-year period from 12 to 16., the 
body weight typically ' increases by 50 per cent or less. This is • 
roughly equivalent to a weight gair), of 10 per cent per . year. . 
• • ■ . ■ ' • 

To show how the gjraph may be used; we will take the examples of 
a 10-year-pld body with a body^'eight of 34 kg and a young woman Of. 
19 who Wj-ghs 55 kg. From the graph, we find 

'. . • » . , - ■ • ■ . - 

' 'V ' '» ' * 

age 10: 1.1 g protein per kg body 'weight 
age 19: 0.8 g protein per kg body weight' 

■ , ■ > w 

. (l^^)(34kg) -.^ g ; ^ (r:^) (35 kg) =44^9 

To meet such requirements is not (difficult for mosf' people. For 
example, 44 grams of protein can be obtained froir) five glasses of 
t> milk, from two quarter-pound hamburger from si,K ounces of cheese or, 
of Qourse, from combinations of these* foods orsother protein sources. 

^ Although a graph is useful in understanding the relation between 

age and tl^e need for protein, ^RDA' s are more often shown in tabular 
form, where the ag^s are given as ranges. Such a table would pro- 

. vide information of the following kind. ^ : 

age 15 to 18:. 0.9 g protei^'.^er kg body weight' 
age 19 or more: 0.8 g protein 'per k,g body weight 

Why. are certain amino acids said to be "^ssaitial?" 
What is an incomplete protein? 
Why must proton be included in the.diet?^ 
Which is the better -source of protein— meat or i^egetable? 
Compare the propein requirements of infant and an adult. 
What i$ the protein RDA for a 32'year-old: linebacker who mighs 315 pounds?. 
Vocabulary : 

complete prbtein— a protein that supplies sufficient ^mounts of all 
eight eS'Sential amino acids." ' 

essential- amino acid— an lamino acid that is required in greater 

quantity than the body can manufacture and therefpre must be 
supplied by the diet. ^ ^ 

. incomplete protein— a protein that, supplies only small amoun'ts of 
one or more es$ential amino apids. 
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SECTION 19: MINERALS k ' * ....... 

♦ - What axe tainexals and wh^t functions do they have in our bodies? 

Ninety elements occur naturally on the earth. Of these 90, 
over 20 are needed by some type of living^ thing or anotJier. About '■ 
2Ql are known to be needed by man. They are needed forXkrowth and^^. , 
for this maintenancee of good hjealth. ; \ - 

. • Carbohydrates, fats and proteins contain the elements carbon, 
hydrogen and oxygen. In addition, all proteins contain nitrqgen A^d , 
most contain sulfur. But our bodies need other elements as well. ^, 
These- other essential elements are called minerals , . • 

The word "mineral" is used in -various ways, so we will explain 
how we will be using it. In geology, a mineral is a specific sub- ^ 
stance with a| characteristic crystal structure. For example, ^atite,, 
wtrich has tha4ormula Ca5F(P04)3, is a mineral to a geologist. Hoj^- ^ 
ever, in nutrition we say that calcium and phosphorus are minerals". 
This does not mean that you should include uncombined phosphorus m ♦ 
your, diet; the white form of phosphorus ignites in the air at room ^ 
temperature and is Otherwise very topcic. In fact, your^body is able, 
to digest, absorb and use phosphorus only if it occurs in certain 
compounds, such as phosphates. We use the word "mineral 'to mean an,^=. 
element that is required by our bodies and /hat must be obtained f rom.. J 
oiir diets. Phosphorus is' a mineral , because our diets must include:., a 
phosphorus-containing substsinces that our bodies can use to obtain ^, >/ . 
phosphorus for their needs. , 

Many 'of the processes 'of the body involve electrical charges gndr 
4epend on the presence of positively or negatively charged ions, The^;: 

"fluids of .our boditfs , including blood are in many ways li^e sea water; 
in sea water , the most abundant cations are sodium (Na+) magnesium 
(Mg+2) /calcium (Ca+2) and* potassium (K+)^ and the most , common, anic^n-,;. 
is chloride (Cl~). Chloride is also the most prevalent anionm o.ijir 
body fluids. • Within our cells., K+ and Mg+2 .are the most abundant > 
cations,; in th^ fluids outride the cells,. Na+ and Ca+2 are the most 

-abundant cations. * : ^ ' .„ 1 

The concentration of th«se ions in our bd^ies is important In. the 
movement of water by the process o'f osmosis, and as charged particles 
they are an important part of the transmission of electric impulses . 
in the body. , / 

Of the elements classed As minerals, we need at" least 100 Jjj-llf" 
grams per day^of six: . sodium, calcium, magnesium, potassium, chlorine 

and phosphorus..' 

. . ■ ■ > ... ■ . 

When phosphorus was first identified in urine in 1669, it groused 
interest/ because as an element it wafe known to glow in, the dark, 
burst into flame spontaneously and be very toxic. It^was the last ^ 
thing that scientists expected to find passing through a human being. 



However, it is\ow known that about one per cent of Our bodies is ^ 
phosphorus. Most of this phosphorus is part of the structure of • 
bones, and tj^ethl but the remainder occurs in all other parts »of the 
body. Phosphoiriis takes part in numerous chemical reactions through- 
out the body. I ' ' ' 

Tht" other major mineral constituent of bone is calcium. Ap- 
proximately two per cent of oui^ Isodies is calcium. Ninety- nine per 
cent of this calcium is found in bones and teeth, the remainder . 
mainly in the blood. • Two of the essential functions of calcium out- 
side the bones and teeth are involved with blood clotting and con- 
duction of nerve impulses. Thus two symptoms of calcium deficiency . 
are slow blood clotting and slow 'movement of nerve impulses. . _ 

Since bones 'aJd teeth are built of calcium and phosphorus com- 
pounds., a deficiency of calcium or phosphorus causea improper bone 
and tooth structure. These two ipineraJWdpare especially important 
to children, whose bones are growing, and to pregnant women.. If 
calcium or phosphorus is not available for its other functions , ^it 
is taken from the bones- to meet these other needs. This may result 
in demineralization of the bones. If the deficiency persists , .bones 
eventually be cort^e porous and brittle. • - ' 

Over half o'f the magnesium in oiir bodies is fou^d in bones. 
The remainder i^ mainly in tissues, such as muscles, and blood, 
where magnesium typically activates enzymes. Among the procpses 
in which magnesium participates are muscle contraction, regulation 
of body temperature and production of protein. 

' . ■ >\- ' • , 

Although magnesivim is present in a variety of foods, and cases _ 
of deficiency have been rate, magnesium has been rece;LVing increased 
attentioh from nutritionists lately. Orfe. fear is that the use of 
chemical -fertilizers may hinder the^ absorption of. magnesium frorj^ 

the soil by plants. , " ; ' v. , • 

, .■ . ■ " ■ ' />. ■ ■ 

Our bodies heed ovfer lOO milligrams per-day of calcq.um, ,phps- 
phbrus, magnesium, sodium, potassium and chlorine; the other elements 
are required in smaller' quantities . Three of these elements have 
been studied sufficiently that . recommended daily allowance-i <have been 
^established. These elements ajce iron,^ ?inc and iodine. 

^ ' ■ ■■■(:•* . ■ ■. . . . 

We discussed iron in the Respiration Unit as. a constituent, of 
hemoglobin,, which carries oxygen and carbon dioxide in the blood.. 
An iron deficiency results in a decreased quantity of hemoglobin^and 
thus a decrease in the capacity of the .blood to carry oxygen. This 
condition is called nutritibnal anemia. . ; ^ . 

' : Zinc is needed 'by the body primarily 'for enzymes. For instance,^ 
two enzymes that contain zinc are carboxypeptidase, involved in 
digesting proteins, and carbonic anhydrase, which was discussed 
Section 17. . ^ ■ ' 

iodine is essentiar for the proper functionin"^ of the thyroid ^ 
gland . The thyroid gland consists of two lobes lying on either side 



of the trachea, connected by a band* of tissue that crosses the'/froxit ^ 
o5 the btachea, just ^edow the larynx. It secretes a hormone called,;, 
thyroxin r which contains iodine. Thyroxin is carried by the blood 
to c^lis throughout the ■body, where, it controls the rate at which . , 
energy is ^Jltoduced. • / / c- 



A condition in which the thyroid gland beconies enlarged is known 
as goiter . As^ long ago. as 3000 B.C. the Chinese found /tP^ goiter ; 
could be treated by eating seaweed or burnt sponga. Oniy^thih the 
past few hundred years, though, have scientists learned that iodine 
is the ingredient in seaweed that is effective against goiter. Much 
of the credit goes to an T^eric an physician named David- Marine. In 
1905, Marine became interested in the discovery t\\at ipdine is pres- . 
ent in the thyroid gland and the fact that goiter/ is more prevalent 
in areas where thfe soil contains little iodine. /(Soil ne^r an ocean 
ftends^to be richer in iodine, which is left by the evaporation Of sea 
water carried over the land by wind. Also, salt obtained; from sea 
water naturally contains iodine , ) ; , / 

Between 1905 and 1916 Marine performed a series of experiments 
that demoi>fetrated that iodine in the diet makes tl^e occurrence of 
goiter le^s-common. His work was in large part responsible for the 
introduction of iodized salt in areas whe^e sAlt/is not naturally 
iodized, and goiter has become far less c6tnmon i,n this country «han 
.it once was. However, goiter still does<ocCUr in parts of the world 
where the soil has little, iodine and where iodized salt is not 
available. / • 

Tlie situation is complicated by the fact that, when iodine is 
deficient, certain f«ods such as cauliflpwer and Brussels sprouts 
(your favorites, no doubt) contribute to the occurrence of goiter. 
However, these foods are not factors wi^en a diet supplies suf £;Lcient;. 
iodine, and Vou- should not use this as/ an excuse for , not eating. your 
cauliflower. / • ' 

Although iodine is required iri' the diet for good heal th,_ re- 
searchers have found in the past few years i^hat excessive lodme is 
toxic. The implication of .this research is that people living near 
the ocean or eating a Ibt o,f seafood should ^not use . iodized Salt . 

When nutritionists have studied a nutrient sufficiently, ^recom- 
mended daily allowances aiae. established. Daily, requiremehts for 15- 
to 18-year-olds for phosphorus, calcium, magnesium, iron, zinc and 
iodine are given in the table on the following page. Recommended 
daily allowances for sodium, have not been established, because, as 
we will discuss, the typi,dal problem with sodium is caused by an 
excess rather than a ae£icl6ncy£ Ohlorine is obtained along^with 
sodium from table salt (Naa) ,/^/ our requirements my be assumed 
to be met from this source. , 5^0 t/s si v/m is present in so '"^ny foods _ 
that again it is assumed-thkt/nK>st diets supply sufficient , quantities 





'Males, 15-18 


Females, .15-18 


phosphorus ,,m^ / 


1200 ; 


' . . 1200 
1 —. 


calcium^ mg 


1200 


1200 


magnesium, mg 


400 


. 3.00 


iron, mg 


• 18 • 


-18 


zinb , -mg 


— ^ : 

15 




iodine, jig. 


V 15b • . 


. 115 



• The remaining minerals are required in only very smill amounts 
( trace amounts) and the needs of the body for them have been dis- 
covered only within the last fifty years. Most are metals, such as 
copper and cobalt. Typically they are components of one or more es- 
sential enzymes.. • ' 

Since these elements aire required in only trace qTiantities , 
it was hard to prove that we need them.' Experiments were performed 
with tats in which the animals Were deprived of all traces of the 
element—not only in food, but in their water, air andf even the map 
terial of their containers, in this way,- the effect of belng^de-J 
prived of the element could be studied. These experiments obviously 
cannot be performed on human subjects. The human need for these . 
elements can be proved only by finding- them in an essential Body 
themical, such as enzymes or hormones. In the cases of some^of the 
elements needed ' in trace amounts - by rats, they have not yet been 
found in the human body , .and we can only assume that if ra/ts require 
these nutrients, we are I^-J^ely to aliso. . 

Why all this work to identify minerals that have never been 
known to cause deficiency diseases? Well, for one thing, there are 
'lincertainties about the future and the eartli's ability to supply 
food for everyone. It may be that within a generation we will njed 
to rely on fiutrien1;s manufactured in laboratories: /synthetic amino, 
acids, synthetic fatty acids (unsaturated, hopefully) , synthetic 
Vitamins. Artd it will be necessary that these artificiaj, foods 
contain every mineral ' that 'our bodies need. Or, .to look at the 
brighter side, 'you may wish to go to Saturn for a 20-year vacation 
and to take synthetic foods, made as light afe possible for space 
travfel.- You would like your diet to include , not only sufflncient 
calcium and phosphorus, but enough cqbalt and copper to keep you 
going for' 20 years. So in ord^r to be prepared for the future, 
scientists. wfU continue to search for every necessary nutrient. ^ 

<i:oming back to Earth, 'and the present, there is another good 
•r«ason for nutritional research.' We could be healthier than we are 
at present. ^ Some change in our diets, the increase or decrease of 
-some nutrients, might lead to improved health. One possibility is 
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that a key to improvea. health is an element, the need for which we , . 
do not yet recognize. Therefore, the study of possible tr^^ 

minerals continqes, 

Which elemenii^, are major components of bones? 

*■ Which minerals are found as ions in the greatest concentration in the blood? 

^ ' What is a function of iodine in the body? What disease results frqin 
iodine deficiency? ! , ,^ 

' ' Why are nutritionists interested in the elements th^t are requirec^ in . 
trace quantities?% , 

Vocjabulary t 

anemia (uh-NEE-mee-uh)— decreased ability of blood to carry, oxygen, ^ 
, as a result of insufficient hemoglobin. ■ ■ .< 

demineralization (dee-MIN^ur-ul-i-ZA-shun)— removal of minerals from / 
bones and teeth for other functions in 'the body. ^ 

goiter (GOY-tpr). — condition in which the thyroid gland becomes en~ 
larged, often due to iodine deficiency. 

* . ' ■ ■ . ' 

mineral toN-er-uP -^an .element rec^uired by the body for good health 

■ - (other than G, H,,;.0,..N and 3J.. . • 

■ '■ ■ ■ ■■.,<■» 

thyroid gland (THIGH-royd)' -a»gland K>cated below the larynx^on 

either side of the tr achea, which secretes the hormone thyroxin. 

trace--tiny. 
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'What functions do vitaimins perform in the body? 

^ . * The period 'around* the year 1900 was one of great inter^t in 
^ biological research. /Many ideas that cam6 from this reseaifch caused 

revisions in thinking/ about health and disease. For instance, 
. studies of the effects of diet^ on health led to new discoveries 
.about the roles played by majj^y nutrients in the functioning ot tne_ 
body. The ways in which the body uses protein, fat and carbohydjcate, 
. as well as minerals ^-^came to be ^)etter undeirstood. 

Another set of ideas originated in the. studies of Louis Pasteur , 
and others, who identified microorganisms, such as bacteria, as_the 
. causes (^f many diseases. The theoi^ that. microorganisms cause^dis- 
ease was found to be so useful that scientists tended to use the 
theory to explaiin any puzzling disease. » • 
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However, certain diseases could not be explained by the micro- 
organism theory. It was^ound that many of these . diseases are re- 
lated to diet: ThSw' oca^r when a diet is deficient in some type of 
food, but they, canle -ptevented by including even a small amount of 
that food in the diet. ' - . 

\^ ' One disease that was found to be related to diet is a disorder' 

called beriberi . Beriberi involves nerve~dHmag^ f which can result m 
muscular weakness and loss of the sense of touch, . It was discovered 
that individuals with a diet of refined (polished, or white) .rice ^ 
. were Susceptible to beriberi, but that a small amount of unrefined", 
(brown) rice- in the diet prevented beriberi. Some . ingredient re- 
moved from rice by refining was assumed (correctly) to prevent the . 
disease . 

The first known association of diet with beriberi occurred in 
1885. A medical officer of the Japanese navy' named Takaki determined 
that beriberi could be avoided' by including in the rations of the 
sailors more vegetables ,7 meat and fish, and less rice. 

In 1890 a Dutch physician ' named Eijkman, working in a prison 
hospital in Java, recognized a connection between a diet of pplished 
rice and the occurrence of beriberi in the prisoners--and also in 
chickens that wtere fed on the prisoners' leftovers. It happened that 
• the chickens were switched from polished rice to b^rown rice , and ■ 
Eijkman noticed that symptoms of beriberi disappeared from the chick- 
ens. However, Eijkman concluded that, the prisoners and the chickens 
were getting beriberi because of some poison added to the rice in the 
refining process. * \ 

Later in 1901/ a physician »namedGrijrts, who worked at the same 
hosrfital., correctly identified the cause of beriberi as the absence 
of a beneficial substance rather than the .presence of a- harmful one. 
He concluded that a substance /present in the shell of rice, the brown 
shell that is removed^in refiAing, prevents beriberi. - 

4 By 1911 it was apparemt/ that other substanc.es, in addition to 
the nutrient that prevents hferiberi, rtlust b^ present 'for the body to: - 
function properly. A Polish-born biochemist named Casimir Funk 
■ called these essential substances "vitamines." (The prefix "vit-" is 
from the Latin word for "life"; at the time ili was thought that the ' 
substances were amines.- Thus 'the. name meant "hrital amines. -Lt is 
now known that only a few are amines, but the 'name, without the 
final "e" has lasted.)" The substance in brown^ice that prevents 
beriberi was given the niame yitamin B. ■ . 

A vitamin is an organic compound that is required in small quan-' 
titles for the proper functioning of the body. The vitamins that 
interest us in our study of nutrition cannot be made .in sufficient 
. quantity by the body and must be supplied by'the diet. The body 
requires very small -quahtities o* vitamins— less than 50 grams per^ 
year of all of them combined. (One tpn of rice hulls, which are the 
part of rice removed by refining, contain only 5 grams of thiamine.) 
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The functions of\ vitamins- in maintaining heal'th were discovered 
befor.e the molecular structures of the substances were loiown. There- 
fore the substances were designated by letters: A, B, D, etc. 
Not all Vitamins have similarities in their chemical s true tyres and 
propertiK, as all proteins fats and carbohydrates do. Vitamins ^re 
grouped togethei^ mainly because of the similar roles they play as 
nutrients. V \^ 

* Soon after the discovery of the relation between beriberi and 
the substance removed from rice durin4 refining, other symptoms 
were found to be related to diet. Th'd*ficientists who found these re- 
lations were working in many parts of tlm world and w;Lth people with 
a variety of diets. . However, all of these symptoms were originally 
attributed to a deficiency 6f vitamin B. 

The reports of these sc^ientists were soXdiverse that it became 
apparent that vitamin B was Actually several Htainins, These vitamins 
were given the names B^, B2, etc., and are nowVollectively called^ 
the "vitamin-B complex." The vitamins in the BN^omplex are related 
only in that they are all water soluble and occur, in many of the same 
fodds. More than a dozen B vitamins have been idei;itified. Three 
whifch have, been known about and studied for a relatively long time 
are thiamin, niacin and riboflavin. More r6C6ntly other B vitanjins, 
such as folic acid, bibtin, pyridoxiiie and panto theniN^ acid, have 
been discovered. : ' \ 

The first stepte irt learning about ajnutrient, are identifying 
'the foods in which it occurs and (2) determining , the effect on the- 
body of a deficiency. The next step is id^tifying the substance— 
isolating it and determining its chemical structure. 

Dr. R. R. "Williams sipent 26 years isolating and studyif^g the 
vitamin whose deficiency causes beriberi, vitamin B^, beforeVhe was 
filially able to identify 'it as a compound \)ffiich he named thicwnin. 
Having identified the vitamin, he was then able , to achieve hii^ final 
goal by synthesizing, thiamin in 1936. / ■ ' ' '\ ■' 

We suggested that some vitamins were "discovered", around ,thel ; 
year 1900.' But some primitive societies had existed for centuifies 
without showitig vitamin deficiencies. Presumably, these societies 
had traditional diets that contained adequate amounts of all vitiamins. 
Such societies were able to survive partly because their diets, Ucnown 
to ..be adequate, did not change. ' : 

^ ■ I. > ■• ■ ■ ' • ■ • ^ 

" Vitamin deficiencies have become most pronounced when a way of - 
rife has suddenly changed, and with it the diet. TJie diets of 
sailors on long ocean voyages, ill the fifteenth and sixteenth cen^ - 
turies were different from any^ previous 1 European diet. Fresh fruits 
and vegetables were not available to th*. early explorers for months • 
•at a time. ^ ~N ■ ' . 

As a result, the'' crews of these expl^orers were regularly victims 
^f scurvy. Scurvy is 4 disease in. which the gums bleed and teeth 
fall out. In extreme cases, death may occur Ghost ships were oc- 
casionally found with their entire crews dead of scurvy. 



During- the eighteenth century a British physician named James 
Li'rid made the important discovery that scurvy could be prevented by 
-including citriis fruits in the diet of sailors. The authorities in 
Lon<3ori ifailed to appreciate Lihd's discovery and it was sodn forgot- 
ten, but a generation- later the fact that scurvy is related to diet, 
was rediscovered by the British captain, James Cook, during his ex- 
ploration of the Pacific'.. Cook attributed -the fact that none of his 
crew suffered from scurvy to the inclusion of sauerkraut in their - 
diet. Soon limes and other citrus fruits were include^d in thfe diet 
of British sailors--thus the name "Limeys." . ♦ 

Dr. Lind and Captain Cook did not identify the substanpe that 
prevents scurvy; they only determined that it was an ingredient ot 
certain foods. • (This was enough, because it enabled Cook to, far 
outrange rival explorers , who were forced to turn back because pf 
the^ illness of their crews.) When the term "vitairiih" was coined 
early in this century, the name "vitamin C" was given to ^he sub- 
stance that prevents, scurvy. The molecular structure of the sub- 
stance was later determined and it was named "ascorbic acid. 
Vitamin C and ascorbic acjld are the same substance. 

Tlie B vitamins and vitamin C are soluble in water. Other 
•vitamins. A, D, and E, are insoluble in ^ater but are soluble m fat, 
Therefore, they are carried through the body in the lymphatic system 
along with fat^. ' 

When a vitamin has been identified and( the suhstance isolated,: 
its function in the body may be studied. One function of vitamin A 
is well known. You have perhaps heard that carrots are good for 
night vision. This is true.« Carrots, as w^ll as many other fruits 
and vegetables, contain the substance carotene.. The- body converts^ 
carotene to vitamin A, and an essential part of the pigment in the 
the eyes responsible for ni^t vlsioh -is synthesized from vitamin A. 
■ ■ • ■. . : ■ r ■■ ■ ■ 

Vitamin D is needed by the body' for the absorption of phos- 
phorus and. calcium from the intestines. It is also needed for the 
conversion of phosphorus occurring in organic compounds into inor- 
ganic phosphates. (Bones' require phosphorus, but can use it only • 
in the form of phosphates.) ■ If any one o€ the three nutrients, . 
vitamin D, calcium or phosphortis is lacking, ^ones are affected 
in a qrowing child the 'bones db not develop ptoperly, and the result 
is a de?oJmId skeleton. This; condition is called rickets. The same 
deficiency in adults, leads e^|entually ^o the bones becoming soft, a 
condition Jcnown a§ pg'teomalacia . 

-If a patient is suffering from rickets or osteomalacia., the • 
diet could be deficient in vitamin D, phosphbrus. or calcium. To 
determine' which nutrient is deficient, it is necessary to analyze 
the . patient' s dieb. 

Vitamin D can be formed, in the skin by sunlight,, thus the name 
'"sunshine vitamin." Ultraviolet rays from the sun cause a chemical 
-reaction in the ^kin in which certain fat-related ^^^stances are 
converted to v^itararn D. (One of the substances is cholesterol, , r 
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which appeared as a villain in a previous section.) Fish liver oil 
, i^ an excellent source of vitamin d:. The American Medical Associar- 
tioh decided to recommend that one food that is consumed by most 
children be forti'fied with vitamin D. The choice was milk, and one 
quart Qf most milk that is sold commejrcially -now has enough vitamin D. 
added to supply a person's daily needs. • 

. ^ . ' ■ ■ ■ ' ' ' . 

Since ^^^min D is created by the body in the presence of -sun- 
light, it -mipieem that a 'deficiency of the vitamin is unlikely. 
However, many people are not exposed to sufficient sunlight. Infants, 
people restricted to bed for long periods, people who work at night 
^hd sleep during the day or people who work underground'^may obtain 
insufficient sunlight. Smog may contribute -to a vitamin D deficiency 
by screening out sunlight. 

The 'complex functions of vitamin D in the absorption of calcium, 
and phosphorus are understood, but bhe function of vitamin E is_not. 
The small amounts of vitamin E assumed to be required by the body, 
'ai^d the possibility of its interacting with other nutrients, make 
4 -sexpeTimentation difficult. Small amounts of vitamin E occur in a 
"^'wi'le variety, of foods. However, the virtamin is often removed during 
food processing; for instance, wheat germ is a rich source of vita- 
min E, but the germ is removed from wheat during refining. 

A deficiency of vitamin E is known to, cause sterility in both I • 
male and female rats, but there is no evidence that it causes 
sterility in humans. Many claims have been made for the powers of 
vitamin E in regard to reproduction, but most scientists doubt these 
i claims. In reality, vitamin E deficiencies a<e, a rarity. Howevej, . 
' some studies indicate that^ vitamin E protects the membranes of red 
. blood. cells.. A prolonged deficiency can lead to l?reakdown of these 

cells and anemia. - \ ' 

• ■ - . * ■ 

■ ■ The symptoms of extreme vitamin deficiencies, such as beriberi,. 

• rickets- and scurvy are dramatic, but slight deficiencies occur more 
, frequently in contemporary America. Mild <Jeficiencies of B vitamins 
are ctften difficult to recognize by their symptoms. The same symp-. 
toms Tnay exist for other reasons and, are not easily traced to a 
vitconin deficiiency. ^ " i 

Thiamin plays a role in our f:el ls in prot^iding ' energy , and this^> 
may explaip one of the symptoms of a mild deficiency: fatigue. . Other 
. • symi)toms are constipation, loss of appetite, irritability and muscle 

cramps. ' • ^ \ 

■ ^ ■ . ^ , . ■ • 

Riboflavin t^kes part, in chemical reactions that are necessary 
to maintain tissue, and a lack of riboflavin can cause damage to 
many types of tissued. A slight deficiency may be indicated by e^es^ 
that a^e oversensitive to light. A more serious deficiency may pause 
' itching, burning eyes, a red and swollen tongue and cracked lips. 

Niacin is essential to obtaining energy from Pf°tein, fat^_ 
and carbohydrate and to -synthesizing proteins and fats within our. 
bodies. A mild deficiency is often not recognized because the 
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■ . \ ■ . _ ■ ■ i ■ ■■ ■ ^ ' ■ 

symptoms may be mental disorders.: * nervousness , Atigue and depres- 
sion. other symptoms are> dermatitis (inflammation of the ski^) Andr 

diarrhea. , - v 

■' ■ " >.■ ' 

Not all of the functions for which ascorbic acid (vitamin C) is 
needed by our bodies are understood. One that is understood, however, 
is its role in thq formation of a protein calXed coll;agen, which holds 
cells together. A deficiency of vitamin C causes skin to bruise 
easily and wounds to heal poorly. Tatients are sometimes^ given ascor-- 
bic acid after surgery to help an incision* heal properly; A .few 
scientists believe that vitamin C, in large daily doses, -helps to 
prevent colds. ' ' , ' . / 

What vitamin is removed from rice when it is processed? . . 

What disorder is caused by a lack of this vitamin in the diet? 

Are the B. vitamins grouped according to chemical structuipQ?. ^at are some 
of. the B-complex vitamins? ■ • ^ • ' . 

Why \iere British sailors given cfitrusyruits? What disease' did this . prevent? 
State one" function of 'vitamin A and the effect of a deficiency. - ..- 

St^e one function of vitamin D and the effect- of a^eficiency . . • 
Vocabulary : . \ . 

be ritoeri (BEAR-ee^BEAR-ee)— a disorder involving nerve damage, , 
caused by thiamin deficiency. 

osteomal acia (OS^tee--o-muh-LAY-see-^h)— a condition of soft bones in 
adults caused by a deficiency 6t vitamin D, calcium or phosphorus 

rickets— a condition of defective bone grol^th in children caused by 
I a deficiency*Sof vitamin D, calcium or phosphorus. 

scurvy— a disease caused by prolonged vitamin C deficiency., in which 

the gums bleed and teeth fall out. ; 

vitamin— an organic compound that is required in small quantities 
for maintenance of health. . / 
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SECTION 21:. VITAMINS A«^D Ml"i^ERALS, IN THE DIET 

t>» H> * ■■ . . . ■ / * ' *" . ' . ■ ■ 

.21-1 Minerals in the Diet 

, mich minerals arem>ost of ten deficient in the American^^ . , 

'The 20 or 30 elements required. by our bodies must be supplied 
by oul diets . From proteins , f ats^ and carbohydrates we obtain 
carb^, Kydroalln, oxygen, nitrogen and sulfur; but the other ele-. 
ments^^ft^ded/ called minerals must be. supplied as well. ^ 
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Over periods of many generations, different Vctjiltures h*a"' 
ve loped traditional tiets. Without a scientific -Icnowledge o: 
tion, people followed these diets on. the assumpfei ^ tha t what was 
good" for their grandparents was good for them^^rTrT^many' cases,, they ' 
may have been right; although th^re is certainl;;y historical evidence 
of various kind;S, of dietary deficiencies. " 

i^re Araer;ican diets traditional ' ones? The answer for m6st \ 
Americans is," "tTo." Even vi/hen a die>t appears to be similar to that, 
-of our grandparents, there are usually many differences. Foods to- 
day are more highly processed' than in the past, and many nutrients 
^are removed during processing. The American di,et, as with most other 
aspects of our culture, is changing r^p^idly with time* • 

As we change our eating habit's to new ones, it becomes especially 
iraportaht. to examine our diets to see that they are providing us with 
adequatje amounts of all iiutrients. Thanks to the labors of many -.re- 
searchers over a i^ng. period of time, the information is available • 

'to do this. ■ ' 

' - ' ' • ' 

Potassium and chloi:.>ne are presenr.in such a variety of fxjods . 
that, they are rarely a nutritional problem.. Phosphorus usually oc- ^ 
ctirs with protein, ' so a di«t adequate in protein presumably provides \ 
enough phosphorus.' Iodine is generally obtained from iodized salt. 
The problem with sodium in^ur^ diets , as we will shortly see ^ is /more 
often too much rather' than too little. Magnesium ..-may, be deficient 
if too much is removed during -food processing. " ^ 

Calcium and iron are the minerals most commonly deficient in 
American diets. - Canned fiSh, such as tuna', salmon and sardines, 
contains calcium in-^ the form of ground bones. Beans and leafy green 
vegetables are -other good sources of calcium. But the principal . . 
sources of calcium in our diets, are milk , and F^ilk products suph as 
cheese and ice cream* and many Americans who do^nqt drink milk or 
e^t dairy products may suffer calcium deficiency. A quart of milk 

'^supplies almo'st the entire daily requirement of calcium.- However, . 

,milk-^as- disadvantages as a f pod,' in that;' it supplies npt only cai-, 
cium, but- sugar and fat as well.. ' - • ■ 

" - ■ ■ ;^ ■ . / . ■- \ \ 

■ 'One quart of milk contains 48 grams of the diSaccharide 3.actc5Se. 
This quantity of sugar, when combined with sugar from other dietary 
sources, may be 'mor& than healthy diet should contai^. A quajt of 
milk also contains '34 grams- of fat, which in terms of fatty acids ■■■■ 
breaks down to 20 grams saturated, 12 grams monounsaturated, and Only 
2 grams polyunsaturated. Thus" the ratio of polyunsaturated/to satu- 
rated fatty acidfe is Very poor. ' Lowt, fat. milk a^d other dairy, prod- 
ucts are preferable because a significant amount of the,, fat has been 
•removed, and hon-fat pr-oducts are .even 6et€er. ■ ■However, in ^botn 
cases the sugar. still remains. . . - . ' 

. " . , ■ • r • . . - ■" ^ , 

• . .. . • . . . > . • ^ ' , *' 

Calcium deficiency affects blood clotting, nerve impulses and i 
bon^ formation. Excess calcium in the diet is not absorbed i;i the , 
intestine because of homeoStatic . control by hormones . • Therefore,^ 
excess dietary calcium is not thQught to cause' medical problems. 



' : Nutritional anemia occurs most cpitunonly as a result of iron ' 
aeficiency. A slight anemia is coitiraon in women beCaus^ of blood 
loss during menstruation (due to hemogaobin loss). Sometames preg- 
niintlwom'en and people on severe ldW|ca\orie diets become anemic 
Meat and eggc. are excellent sources'of • f ron, and anemia sometimes . 
occurs »in people who, cannot af ford, or will not eat r these foods, y/ 
ftowever,, there arfe other inexpensive foods which ar^ good sources ^ 
of iron; these ^include beans, pe'dfe and bread that^is made , from whole, 
gr^iins-or enriched. Many fruits are good sources of "■"^^''''f^l'^''^^^: 
and r^is^ns, as^well as spinach, owe^ their .reputations to _their ir^^ 
content. The recommended daily^llowances^llow for^^the fact that 
•oniy a- fraction of the iron contained in ^d (5; to 1,0 per cent is 
absorbed irfto our bodies. ' I , . 

V Some useful informatio?i° on several minerals is tabulated on ..the 
riext page. • 

21-2 Sodium and Health , - 

■. . ." T~ ~~ ■ 4 ■ ■•. ■ 

. ' p/hy may ■too.much. sodium jbe unhealthf u2? < . 

/ Sodium is another mWa* required by our bodies,- A mijiiipum_^ 
requirement has riot -been^stablished, because the P^^^lem with sodium 
is usually not- too little but too much. The average American co^ • 
sumes from three to seven grams, of . sodium .per day, but needs only 
about O'rie-half to one gram daily. . ^ . 



-Most sodi-um is. conruined in the form of table salt, sodium 
chloride. The atomic weight of sodium is 23 amU; the molecular , 
^weight of^sodium chloride 58.5 amu. Therefore, ^bne. gram of salt ^ 
conLins 23 ^ 58-. 5 grams of sodiunr. Consuming seven grams ^f^sodium 
each day is equivalent to consuming about 18 grams of ^^1^. No^t aLl _ 
'ol this salt coma's out of our salt shaker. Much f^i^^^^/^^^t oro- 
. the processing of food. It is important to remembei that most pro 
ceLS food, frcJin soups to nuts> includes added sodium chl^ 

' , ■ ■ • , » . . . ' « 

• The hypothesis ha^ been made that chronic excess .of sodium^ 
ina'diel? may contribute to the development of hypertension. Hyper 
tension is the condition .commonly known as high blood pressure. 
The mechanism by which sodium is related to hypertension is not 
knownrbut th^e is evidence .tp support the hypothesis.. Experiments 
with rats have.* shown a correlati^fv between sodium and hypertension. 
A second piece^ of evidence is tit many patientls suffering, from^ 
:^igSod pressure have experienced a drog - ^^^^f ^^^.f 
the quantity of sodium in their diets -has been restrnrcted. An^/^ 
Htudy of Looisubjects,^^ than 1 per cent of ■ those with low 

LltlLake were fa^ have hy^rtension, -^^1-,/^^ P^iah'salt 

■people: with no rit)aifc >sa It intake and over 10 per cent with high salt , 
intake had high blood pressure. * ; . r 

•Another interesting reiationshipibetween saltUnd^^b^^^^^ 
vsure comes, from Japan. In the northeaste^rn region of that 90un.tr.y, 
an agricultural area, there is a high rate of hyper t^nsK^n and 
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MINERAL. 



FUNCTION 



DEFICIENCY 



FOOD SOURCES 



Calcivim 



Formation of bones and teeth, 
essential to blood clo^tingr 
ne^cve impulse conduction 



Faulty calcification of bones 
and teeth . / - 



Milk, cheSse, canned fish, 
figs, dark green vegetables/ 
broccoli, beans 



Phosphorus 



Fon4i?ition of bones and teeth, 
necessj/ary-for cellular ' 



reactions 



Impiyper bone and tooth 
structure 



Meatsr fish, poultry, eggs, 
milk, cheese, grains , legumes 



Iron 



Part of hemoglobin (oxygen 
carrier of blood) 



^nemia, digestive disorders 



Meat, green leafy vegetahles, 
eggs, enriched and whole wheat 
bread, beans, nuta, dried fruits 



iodine 



Formation of ^hyroid gland 
hormones whifch regulate cell 
reaction's 



Qoijter — swolXeft thyroid gland 



Seafood, iodized table salt 



Magnesium 



Zinc 



Activates various erizymes 



.A component of enzymes 



Retatjied growth, weakness, ir- 
ritability of rvirves and mus- 
cley, heart and kidney damage 

Dwarf i^(n, liver enlargement 



Green leafy vegetables, beans ^ 
grains, nuts 

Oysters and Other seafood, 
liveij, wheat germ 



Sodium 



Potassium ' i 



Regulates passage of water 
between blood and tissues 



Roquired for protein syn^he^ 
sis in cells 



Dehydr itidn * 



Mugqul 



ar weakness or paraly«i)s 



TaHi^salt, bread, canned 
me^s ^nd vegetables, soups 

Meats, cereali^,, milkf fruits, 
dark gre^n leafy vegetables, 
tomatoes 



Although the body: needs only one to two grams of NaCl per day,, 
it was common for persons in' thAse Japanese farm families to consume 
'20 grams per day. -By' reducing dalt consumption, the incidence of 
hypertension among children and adults has taken a significant de^ 
clirne. . This study, which was conducted oh some 6,000 persons, indi- 
'cates that excess salt is somehow related to hypertension, 

Hypertension can be the*tesult of a disease, but for 90 per 
cent of the occurrences the underlying cause h-as yet to be estab- 
lished. The condition of about half of those suffering from hyper- 
tension is serious enough to CaUse them to seek medical .attention.. 

High blood pressure may occur when large blood vessels become 
narrowed as they do when atherosclerosis occurs. Thus, atheroscle- 
rosis may result in one.kindof hypertension. But more commonly 
hypertension results from increased resistance to blood flow in 
small blood vessels. Some studies have indicated that increased 
sodium in the blood may contribute to this elevated resistance. 
Whatever the cause of the increased resistance to blood flow, the 
consequences for the heart are the samaj^it is forced to pump at -a 
higher pressure in order to circulate 4^ blood to the tissues, 

- SocUum.in the diets of infants is a special problem, because of 
the large amount of processed food they consume. It has been sug-^ 
gested that excessive salt in the di%ts of infants may cause them to 
de\felop high blood pressure as adults. 1pt» much salt in an infant s 
food is common. in the United States. A quart of cow' s milk contains 
about 600 milligr^ims of sodium. An infant consuming a quart of milk 
daily obtains 600 milligrams of sodium per day from thi& source 
alone. » 

Most babies in the United States receive, in addition to milk, 
supplemental foods consisting of strained meats, eggs, vegetables 
and fruits. Although strained fruits contain almost no sodium, 
100 grams of strainfed meat may contain up to 360 milligrams of so- 
dium, while 100 grams of siztained vegetables contain an average of 
250 milligrams of sodium. / Thus an infant consuming a quart of milK 
plus 100 grams of strained meat or vegetables obtains about one 
gram of sodium. This is a common diet for a five-month-old baby 
who .weighs about 15 pounds. This one gram of sodium for a 15-pound 
baby is equivalent to t^n grants of sodium for a 150-pound adult. 

Another diet that includes a large quantity of s6dium is the^so 
called "soul food" diet. "9oul food" owes its characteristic taste 
to huge amounts of salt and the way it\is cooked. Much pf the food 
is salty when purchased: pickles, pig's feet^ salt pork and sau- 
sages, to list some examples. Other foods, such as grits^ greens . 
and okra, ire not naturally salty, but are prepared w?.th salt.or 
. B;^lt pork to give them the "soul" taste. / 

'■■ A black' American is inore likely to suffer from higfi blood pres- 
sure than a white American. This maylDe caused by a genetic P^e^^js- 
position to t!he disorder, or by the particular stresses that black 
people ejcperience. Hpwever, it seems likely tha4^ the aihount of 
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. sodiqm is at least a contributing factor in this disease among 
people who eat "soul food." * ' / 

• . ■ ■ ■■■■■ ^. ., ■■ s ■■ ■ •• ••• ■ 

21-3 Vitamins in the Diet ' ' \ 

H(M'can we obtain sufficient vitamins in our diets?* 

If the purpose of eating were simply to obtain enough protein, . 
fat and calories, we could live on four quarts Of ice cream every 
day. Although this might seem like fun, there are reasons for eat- 
. ing what dieticians calX-a "balanced" diet— a diet that contains 
* meat, dairy products, grajins (either as bread or as cereal), vege- • 
tables and fruits. A balanced diet is recommended not only because 
it provides variety, but because different minerals and vitamins 
are obtained from different foods. By eating a wide variety of 
.foods we obtain a broad spectrum o£ nutrients. 

Very little vitamin C occurs in dairy products or grains and 
almost none in meat. However, many fruits and vegetables are rich 
in vitamin C. The following table indicates the milligrams of vita- 
min e per 100 grams of a few foods; (the RDA or vitamin C is 45 mg 
for teenagers and adults.) 



mc? vitamin C 
100 g food 



green peppers 128 



oranges 



50 



grapefruit 38 

tomatoes 23 

milk 1 

bread 0 « . . . 

* hamburger 0 

Often an orange color in foods is indicative of the presence 
of vitamin A. This vitamin is found in various vegetables and 
fruits, and also in liver, egg yolks and' butter. Margarine and milk 
are commonly fortified with vitamin A. Quantities of vitamin A -are 
measured in International Uni4:s (lU) rather than the usual mass 
units. The next table gives the amounts of vitamin A in .a few good 
sourbes. [The RDA for vitamin A is 4000. lU for females^nd 5000 lU 
for i^jales (teenagers and adults).] 

lU vitamin A 
; foo g food 

<-^eef J-iler f 43,9J0 

. carrots' . ; , * ll,00t) j: 

sweet potatoes , . 8,800 

spinach i 8,100 . . ) 
butter and fortified margarine 3,300 
apricots , .. -r. ■ 2,700 .. . 



Many of the B' vitamins occur in grains,! such as rice and wheat.. 
It was stated that beriberi- was vcaused by- a lack of thiamin. Pro-, 
cessing rice and i^emoving the shell, indirectly brought about beriberi 
: in people who depelnded^ heavily upon this staples 

Riboflavin bcK^jars in a wide variety of '.foods. Good sources . are 
brewer's yeast, milk/ cheese, leafy vegetables/ eggs, lean meats, 
grains, beans; and chili pepper. Only pure sugars and fats are en- 
tirely lacking in thiamin and riboflavin. Storage and preparation 
of f pod- may destroy rils^oflavin as welT fis other B vitamins. Ribo- 
flavin is destroyed by light, so that bread stored 5in a clear wrap- 
per and milk stored in. ^. transparent bottle can lOse a significant 
amount of riboflavin if e^pfos^d to sunlight. Coo'king a vegetable ; 
for too long a time can destroy -yitamins. And since B vitamins are 
^soluble in water, if a foodVis cooked irj too much water and the water 
^hen poured pff, most of thSt, B vitamins are poured c^f with the water. 

■ . ■ . ■; . :. ■ ■ ■■ " . ■ ■ ■ 

The B vitamin, niacin, od(?urs. in most of the foods th^t are good 
sources of thiamin and riboflavin, such, as whole or enrichdd grains 
and meats. An interesting point .about niacin is that our bodies can 
produce niacin from the essentiai\amino acid* tryptophan. ^Thus if a 
diet is low in tryptophan,, more niacin is needed. 

A balanced diet should contain'sufficient amounts of all the 
B vitamins. Yet nutritional problems can still occur if vitamins ^ 
are lost in food processing by the manufacturer or the cook. In 
view of this problem, you may wonder why grains are refined.. Per- 
haps the white color of refined grains and flour is associated with 
higher quality, because in the past, only rich people could afford 
the mbtB expensive, highly milled grain products. . Another reason 
is that refined grain is easier to store, because rodents and in^ .- ; . 
sects generally do not eat it; they prefer unprocessed grains and 
coarsely milled flours. M.aybe the rats know more than we do! 

It should be pointed out that products made from refined grain, ^ 
such as white bread and flour, are enriched. But of the various • < 
vitamins and minerals lost during refinement, only a few are re- 
turned by the process of enrichment. 

Vitamin pills are 'manufactured that are intended to supply thfe 
daily allowance of all vitamins. These pills may provide a person , 
with all the vitamins he needs, but we can't be sure of this. The 
possibility exists 1:hat foods contain some vitamins that we do not 
yet know about. A persOfi should supply his daily vitamin needs' 
with food rather than vitamin p^lls* " • ,. 

Information on vitamins is summal-ized in ttie - accompanying 
- table, - 
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.. VITAMIN 


FUNCTION 


DEFICIENCY 


RDA 

15-18 years of ;5ige 


FOOD SOURCES 

— T- — • 


. Vitamin 
(Thiamin) 
• 


tJecessary for oxida-r 
tion of carbohydrates 


_ Beriberi 

K ' 

* 


females: 1.1 mg 
males: 1.5 mg' 


Dry yeast, wheat germ, - 
pork cind organ. meats, 
whole grain or enriched 
breads and ce realms 


Riboflavin 
• 


Required for utili- 
zation of food to Ob- 
tain energy and syn- 
"Hiesis of fats and 
proteins ' 


Tissue damage (e.g., 
cracking of lips), 
eye strain and fa- 
tigue, itching, sen- 
sitivity to light 


females : 1. 4 mg 
males: 1.8 mg 


■\ ■' " • ■ ■;. .■ ■ ■ 
Organ meats (e.g. , liver) , 
milk, green leafy vegeta- 
bles, cheese, bea^ns / - 


Niacin 


^ Scaly pigmented dej:- 
matitis on areas exr 
posed to sun; anemia 
is also frequent 


females: 14 mg 
males: 20 mg 

o 

4 


Meat, poultry, fish, >lf 
whole and enriched grains 


Vitcimin C 
(ascorbic 
acid) 


Necessary fof forma- 
tion collagen 
(protein substance 
that holds cells 
together) 


Scurvy 


45 mg 


Citrus fruits/ strawber- 
ries, melons, turnip and 
mustard greens, cauli- 
flower., cabbage, broccoli, 
green peppers, tomatoes 


i— ^ . 

Vitamin A . 


Maintains skin, mu- 
cous membranes, bone 
and visual pigments 


Roughs dry skin, 
night blindness, dry 
mucous membranes ^ 


feihales: 4000 lU 
mal«s: 5000 lU 


Liver, carrots, ap'ricotjs, 
egg yolk, butter, marga- 
rine, green and yellow 
vegetables, milJf 


Vx.uamxn u 


um and phosphorus 
absorption and nor- 
, mai bpn9 *growth 


Rickets v o&iieomalaciiEi 

■ , \ /■ :. 


400 lU 

■ ) . \ :.• ■ ' 


*• 

Saljnon, sardine^, tuna, 
milk, liviar, butter; can 
be synthesized in the skin 
with exposure to sunlight 

1 >/ : 1-: 



;21-4 Hypiervitaminosis , ' . / . 

' Can uW& get, too -much of a vitamin? 

■ ■ . *» • 

Excesses of water-soXuble vitamins are removed from our bodies 
in. urine, but fat-soluble vitamins such as A^nd D are stored in our 
bodies.. A condition caused by an excess of a vitamin is called 
hyper vit ami no sis . 

Excess quantities of vitamin A usually result from taking vi- 
tamin supplements. Hypervitaminofeis A causes drowsiness, headache 
and vomiting. Recent studies have indicated th^t symptoms of mental 
disease can bfe produced by excess vitamin A. ^ . ' 

The PDA of vitamin~A is 4000 to 5000 lU for adults. Ten times 
this amount taken over a period of time can kill infants; daily dose 
over 100,000 lU for a period of time have killed adults. r ^ 

Eskimos have long avoided eating polar bear livers. Early ex* 
plorers xn the Arctic vere warned not to eat polar^^bear livers by 

• the ^Eskimos. ■ Some explorers did not listen, tfrifortunately these^ 
explorers died from vitamin A poisoning. While the Eskimos could 
not have known that polar bear liver contains an extremely large ^ 
quantity of vitamin A, they recognized that people who ate these 
livers died. 

Large quantities of ' vitamin D also have bad effects. Twenty- 
<five times the required amount taken for several weeks causes vom- 
iting and diarrhea, and also causes calcium to be withdrawn from 
the bones . ' \ 

Hypervitaminosis dQes not often occur. ' It sometimes occurs 
with infants or adults taking vitamin supplements, but is not 
likely when vitamins are obtained only from foods. 

A curreflt controversy in science concerns large doses of vita- 
min C, ascorbic acid. Vitamin C has been claimed to prevent that 
disease which has so successfully resisted medical science, the com- 
mon coid. The man who first made the claim is Dr. Linus Pauling. 
Dr. Pauling is a chemist who received the Nobel Prize m 1954 for 
his work in theoretical .chemistry and -again in 1962 for his effort 
/to achieve world peacel His chemical work acted as -a catalyst to 
/the research of scientists studying the structure of proteins and 
other biochemicals. , . 

■ • ■ ■ ' * . 

* . Xh^ ^^^^y ok^ascorbic acid is Us miJXi- 
grams for adults. Dr, Pauling \^ggests that by taking^l to 2 grams 
peg d ay, co;ds may be prevented. Pauling, his wife and several 
friends have bfeen taking 3 i:o 10 grams of vitamin C daily for. up to 
thirty years. During that time they have had very few colds. 
Pauling has conducted further studies himself and refers to other 
research which has been done. that supports his position. 

" ' » . ' . • ■ 

. other scientists, however, have disputed Paullmg's claims. 
Although there is nSL, evidence to prove that ascorbi^ acid does ngt 
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prevent. colds, Pauling *S work has been attacked on two grounds. . . 

. One is that he has not studied enough cases to obtain meaningful . 
results— scientists are more willing to accept conclusions from 
clinical studies When the number of cases is larger The^other . 

. objection is that' the long-range effects on our bodies of such 
large doses of the vitamin are not known. For example, the effect 
on pregnant women of taking large dos^s of vitamin C" is not kno^n. . 
Do the systems of the infant adjust to the high level of the vita- 
min? Will the newborn ohild immediately develop a vitamin C de- ■ 
ficiency? These and many related questions are yet to be, answered. 

Is such contr6versy harmful to science? Wo^ld it be better if 
scientists always agreed? Certainly not; if scientists always 
agreed, there would be little scientific progress.. New .scientific ^ 
• disfcoyeries often contradict old beliefs. Constructive disagreement 
is the base on which much of science has grown. Disagreement allows 
both sides to be evaluated by the entire scientific community.. If 
a new hypothesis passes this test, it is accepted by the community. 
If not, its backer may return to his research^ and seek a better idea, 

WhaCkre som nfinerals that may be short in our diet? What minerals are 
likely to be in excess? . .. (W'''\ 

wHat nutrients ^re supplie'd by milk? What are the disadvantages of whole " 
milk as a food? 

Why do spinach, raisins and^ prunes have the reputation of bein^ "good 
for you?" 

What is meant by hypervitaminosis? . ■ . 

What hypothesis has b^n made associating excess so'dium with health? What 
evidence supposes this hypothesis? 

What are good sources of vitamin C? Of vitamin A?' 

How can food processing affect the quality of a food? 

■ ♦ . ' ■ .. • ■ ■•■ ■ ' . ■ ■ • 

V ocabulary ; 

' • ■ ;f ■ ■ . ■ . . ... 

h ypgrtension- (HY-pur-TEN-shun) — high blood pressure. 

hvpervitaminlsis (HY-pur-VY-tuh-min-O-sis) -a condition caused by 

to^ much of a vitamin. ' . r 



Us 



ERJC • . 121. 



REVIEW SET 2i: 

1. What distinguishes an organic compound from an inorganic com- 
pound? Which of the following are organic and which inorganic? 

• ■ ■ ' ■ . . " ' ■ ■ . . ■ ■ ' ' ■ ■ ■ . 

a. ' C^H^O e. vitamin G ' 

2 6 . •• • 

" i • f. calcium phosphate 

b. NaCl ■ ■ ■ : . 

. ■ * , * ■ ♦ . . 

.:^-^ri^^ ■ ■■■■ - i-.r . ■ 

2. ■Explain what is meant by hydrogen bonding. Name one nutrient 
in which, hydrogen bonding occurs, n ' 

3. Which of the following a»re identical to H — C— (j:— Cj: — H? 

I I : 

H— C— C H 



H^C— H / ^ 

1 : 


-c.. 


H— C— H 




H— C — H 




H ■ • 




H H 
1 1 




H-^C— C— H 





" H— C— H 

H 




' / \ 

H ■ H H ' H H 

. ■/ . ■ - . ■ ■■ ' , ■ . ■ ■ ■. ■ . 

H H H OH 

. • I I I • I • 

4. Which ^of the following compounds, are isomers of C'=-C — C— Cjl^H? 

H H OH. OH H H H 



a. 



H H k . H A H ■ H 



. OH, H Ijl H * ^ OjH H H H 

b/ H—i— faC-Hj—H d. H— C-r:C-~C-(j: 

k A \ M tt' H 



5. 



Which of the compounds in ProbX'em 4 i^ identical to 

H H H QH 



Which compounds are saturated and which are uhsaturate4? 

. . ; . ■ ' • ■ '» ■ ■ . 

' . . • . ... ■ ♦ 

6. Draw structural formulas of , 

•» . * • .... 

a. a hydroxyl group, 

' • ' • ' . ■ ■ - * t • ■ • • 

b. a carboxyl group, ^ 

c. ' an amino group. 

7, Ider^tify among the following molecular structures a hydrocar^n, 
an alcohol, an acid, an ester and an amifte. AlSo state which.^of%he 
compounds contaih a hydroxyl group, * a carboxyl group, ^ amiitc^v^roiip 

HHP 



1* 



b. 



H H f ^ 
HO— i— i — C— H 

. k . H 



d, 



C=rG— C— 



H 



Q H H 

H— C — C— 0 C — C —H 



H 



H H 



c. 



I I 
H H 



-H 



H 



,8. Which of the following ie the product of 'a dehydration synthesis 
involving CH^GfH and G2HgC00H^ - 




9. One of .the B-complex vitamins is pantothenic acid.' Its /strvic- 
tui^al, £o)rmula is: . ; ; . ' :, . '": 

■ ' ' ■ ■ ' H ■ 



^ ' T*^ HO^— c — 6— d— ti— 6— P— e— OH 



_t — j:— a— Nr-c-~'(j>— C' 



Which of the following are contained in the pantothenic acid 
molecule? . 



a. 



a hydroxyl group c. a peptide linkage 



b. a carboxyl grduf) - ~ - - d. an amino group 

10. Draw the structural formulas of the three fatty a.cidff foifmed 
in the hydrolysis of the following fat. 



H 0 . H tt H . f H > H 

' H H H H H H H ' / 




. 0 .fl\ H H ^ H, ^ ^ - . 

H H H. H H H H •. . 

, , . H-C_0-M-C-C^C-^-^-|-H, . ■ _ 

,. . H . H H H H H H , H , 

s Wl)ich of the three "fatty acids is preferable- as a nutrient? 
Explain. ■ ^ • ■ - . ■ ■ ■. 

11. Define the following terms. 

a. essential amino acid - 

b. ' complete : ptote'in / • ■■ ■^/^ ' I 

c. denaturation • ■ ' :^ 

12. Identify each of the' following typ^s of .reactions as tf up or 
■false-. - / • - ^ ■ ■ y . .■■ 

' .a, fat> 3 fatty acids + gXycerol . ; . 
. b. disaccharide + disaccharide protein^ 
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. Jk. : ; . ■ — - — — — -..^.....J.,.^^^..........^^.^.......^^ 



• \c. dip6p,tide it^on®sacchari'de + amino a^^ 

" d'.*^ monosaccharide ^ monosaccharide di^aceharid^ 

•• i--"'-^ • r. -v;;,,/! ■■: ■ ■ ' .:, ■■ '■ ■ 

' Of thojse that actually opcm^ ^identify eachvas being either a 
hydrolysis or a dehydratioh^sirnthesis . ^ ' 

13. Complete the equation for. the hydrolysis of maltose* • 

..V. >. H— c— H--'. • 'It— (j~«'ir^ ■ ^, •/■;■.■ 

, H*' •■ :0H .. ■ OH , ■ 

' This reaction will take .place only f n the presence of 
/ a. any, enzyme, c. ^ carbohydr^p^ , ^ , 

. - b. .'a lipase; * d. a proteinase.- - , 

- , Where do hydrolysis reactions take plafce inthe body? , 

14 . Are glucose 'and* star^)! digested ^ a1^ the same ' r^te? ' Does the rate 
of digestion. matter? ' Explain. - . /; ' 

15. * WhilL inQ of the followiiig. nutrients is deficient" in a die.t.of 
meat> bread and whole mi^k? (Refer ;to the- text, if neces^ar)^.) ; 

a» 'prd'tein , ; .. ^ ^ , vitamin C . r 



' b. calcium » „ potassium 



■ / 



Which of the following symptoms vfould you expect" to appear if 
this diet wej^ followed indejihit^ylf ., , . 



e. anemia ' ■ I ^ 



, f,' bleeding gums and l<w^e t^eth " • , • - / 
g. soft and brittle bortes ' ' 



h. low blood ©ugar 



i.'- atherosclerosis..; ■ . '"-'/VV. '1^.; 7. ."^ 

Name a food * that coulfcj^^^^ l^he diet v to correct this 

■deficiency.- ^''.^^y^-::-^:-'-^^^^ ■ ' - ■ 




• - ^ „. * ■ . » • ■ « ^ . - • , 

1$.: Wh4.ch:;6f the fpljfcawing must be obtained directly ffom the diet 
because tK^ body capjgftot s^nthe^Jdze sufficient; amounts |or its heeds? . / 

• . a.*^ essential amino acids . - . e'. pJ>bsphorus : • 

■ ■ • "■ ' ■ ■ ■ ■ ■ .-. ■ ■ ■ ■ . ■ .- : ■ . 

• ■■■ ' ■ . . ' '■ '•••*■ . 

■ *. . b.' vitamin (thiamin) f . iodine . ; 

. V * c. , vitamin q ^ • • g. magnefsium .. 

- V d. glycogen ; . ' • V 

17i ThQ moieq01ar structure of the. hormo;ie,.thyr^^ 



^N— C— C*-OH 
H— •C—H 



» 



•■-I I 

0 



.V ' ■ ■ ' ■ OH ■ ; • ' ■ ■; ' ' 

a. What functional groups ar^ contained in a thyroxin .molecule? 

b. Identify thyroxin as either, aip, amino acid^ a fatty acid or. 
ai caJrbohydrate, 

^ cT "feat mineral is required b\M5lie body to synthesize thyroxin? 



SECTION 22: ENERGY * 

^2-1 Nutrition arfd Energy » ♦ " . • 



What 



'most <^f the fop^ we .ea t use4 for? ■ 



• We- have seen that the function of the respiratory system is to 
supply oxygen >to "the cells of tHe body and to remove carbon dioxide. 
^We have also discussed the function of the digestive system— to 
provide a variety of nutrients to the c^lls. We will soon see how 
^he #0 functions are 'related. 



In ths preWous sequence (Sections 10-21), we 63^amined nutrients 
and saw J that soke , such as proteirts , calcium and phosphorus , are 
used to*build ajid replenish the bones and tissues of our bodies. 
Many vitamins Snd trace minerals are parts of enzymes that ne^d to 
be replenished. Otl^er mirtet^ls exist as ions in the body ' s fluids . ... 

.However, the largest part of thQ food we -digest each day is* 
not used for bo^Y' structure , nor is it used for enzymes or hormones 
or ions. Most the food we eat is -ug6d simply for fuel. 

• • ■ ■ ^ 1 • " ' ■ ■ ■ ■ ■ ■ 

What is the function of a fuel?. . The fuel you may burn m your . ■ 
house .keeps it \iarm. The fuel, that burns in your automobile makes 
it move dowM th^ road. And that, stated as simply as possible, is 
what the., prRiucfls of digestion do in pur bodies: keep us warm ana 
keep us moving. ^ . . 

• Heat and motion are both. forms of something we call energy . 
Energy, like length, mass and time, is "one of the important concepts 
of physj.cal.sciena6. This and the next two sections will be devoted 
to the idea of energy. 

Energy is measured in units called calories,; knowing this apd 
knowing that foo&^is used to provide our bodies with energy, it is . 
clear why "calor|ies" is a word" associated with nutrition. 



' HOW do cells obtain energy from food? Stated in the simplest 
way, cellu\ar energy is obtained by the chemical reaction of glucose 
(provided by the digestive system) ^d oxygen (supplied by the respi- 
ratory system). ' . " 

>. glucose + . oxygen ->-. carbon hioxide + water + energy 

■ • 

The functions of the respiratory system in supplying oxygen 
and the digestive system in providing fuel hav« long been 'known, 
but the way oxygfen and the products "of digestion combine to produce 
energy have beguW to be understood only recently. .Indeed, the un- 
raveling of the chemistry that takes place within cells is one ot 
the great achievements of 20th-century science. Sections 25 
through 26 are d(pvoted to this topic. 

' ' ■ I '■ . ' - . . .■■ ■ 

In our discussions of chemical reactions^ we have assumed that 
they occur, without asking why they occur, how rapidly they occur and 
whether all reactaiits are converted to products. These questions 
'may be approached through the. idea of equilibrium, which is intro- 
duced in Section 27. ,' 

• ■ • • ^ ■ ' ' ■ ■ .' ^ ■ ^ 

/ By that <timdi you will have learned enough about how nutrients 

serve the body's needs to enable you to examine your own diet to 
see whether it ii adequate for your needs^. A few of the activities 
that you will be [doing are (1) determining your energy requipments 
by calculating your energy expenditure for a typical day, (2) cal- 
culating the qal^rie content of your diet and comparing this to your 
energy output and (3) determining the quantities of some essential', 
nutrients in your diet and comparing these amounts to your daily 
requirements. , 
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These comparisons will allow you to (Jesign the best possible <• 
diet that fits your needs ('and your tastes) We will call this arv; 
optimal diet. If your optimal diet and yjiur present diet are not- 
* the :^aroe, which one will you follow? 



22-2 Energy 

What arB some of the forms that energy takes? 



In everyday language, "energy" means the capacity for doxng 
something, in the sense that we gay, "He lacks the energy to _ do the 
job." However, scientists have given the word a more specific defi- 
nition. The definition may not be very helpful in understanding 
energy, so we will also try to describe the concept and give exam- • 
pies of varioi:^- forms that energy may ^ake. ^ *. 



Enei?gy i$? usually defined in terms of work, ^but scientists . 
also use the word "work" differently than you do. A physicist says 
that yoU| are doing more work when you throw a ball than while you 
read this book. He does not say this because he prefers reading 
this book to playing ball, but because he defines doing work as 
giving energy to an object. 

Recall that in the Respiration Unit you determined your physi- 
cal fitness by the aerobic step test.- You stepped repeatedly onto . 
a platfono and calculated your work rate. .The work done in each r 
step up was the product of your weight anc^ the distance you lifted 
it against -the force of gravity (the height of the platform) . The 
work was ^expended in raising your body to a new height, Your body 
acquired potential energy ,^ and potential energy has the potential 
to ^j3ecome energy ot motion. 

Energy of motion is called kinetic energy . When you throw a 
ball, you give the bail kinetic energy. The^efqre you do work on ' 
/ ' the ball. When you lift a bo?{ ontp a table, a task you and the 
physicist would agree upon as \A7ork, you are giving the box ppten- 
• tial energy, or stored energy. ' 

What do we mean bij stored energy? Suppose you carelessly placed 
the box over the edge of the table so that when you' let the b6x go, 
it fell back to the floor. WhW youlifted the box you did work on 
the box; you gave energy which was stored as the potential energy of 
the bb^c. When you let the box go, the stored e'nergy wafe converted 
. 'to kinetic .energy, the energy of motion Of the bo4c as it fell (See 
Figure 1, opposite). . ' 

When the box is on the 'table it owes its potential energy to 
the gravitational attraction of the earth. Gravitational potential 
energy is one form, of potential energy. Another form is elastic 
.. /potential energy. You do work when you stretch a rubber band or ^ 
. 'compress. a spring. Before you release the rubJser band, its energy • 
is stored as elastic potential energy. When *you do release it, \ 
the potential energy is converted to kinetic en( 
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wotK 




potential 
e nergy 




kinetic, 
energy ^ 



FIGURE 1 I 



Work, potential energy and kineti^ energy. 





Another type p£ potential energy is electric energy. When a 
negatively cha,rged object is brought near a positively charged ob- 
jec^t, the potential energy is converted to kinretic energy; the ' 
objects move towa^rd each other. Nuclear energy, the energy stored 
in the nuclei of atoms, is yet another form of potential en'ejfgy. 
What is this stored energy converted to when an atomic bomb explodes? 

■ ■ ' ■ , "( ■ ■• ■ ' 

While we ^are diiscussing forms of energy , we should mention 
radiant energy. Radiant energy is exemplified by light and. other 
for^s of ra;dia€ion, such as infrared, ultraviolet and X-rays. The 
earth obtains, enoprgy from the sun in the fdrn^ (^f . radiant energy. 

. A less obvious form of energy is heat. From your study of 
gases, you know that. when a gas is heated; its. molecules move more 
rapidly. Heating a gas increases "the kinetic 'energy of the mole- 
cules. Hewing a liquid or ;So lid also increases the motion of atoms; 
the atoms of a soli^ a.nd» liauid vibrate mo r^ rapifdly about their 
positions. Heat is the kin^tio energy of individual particles: 

molecules, atoms or. ions. 

■ ■ . • . ■ . " ■■ ' • • • ■ ' 

However, heat differs /from the kinetic energy-of a moving body 
in one important respect. The particles of a irtoving body all move, 
in the same direction with the same speed. Heat, by contrast, is 
random motion ofi particles — particles moving in 'different directions 
at different .speedis . . • f 

Jntil. the 4800,' s heat was thought to h^e a form of matter, a 
substance like air and water, Heai^ was measured in units of calories 
while energy was measured in other units. But a variety bf experi- 
ments showed that the amount of kinetic energy lost becau^se of 
friction is proportional to the amount of heat generated by friction, 
Furthermorofc the development of the steam engine demonstrated that 
heat can bef converted to kinetib energy . Thus heat took its pldbe 

as a »form. of energy, as one Icind of kinetic energy. . . 

. f - . • ■. ■ ■ f. 

Confusion sometimes exists about the difference between heat 
.and temperature. The confusion exists ' because when heat is added to. 
a substance, its temperature increases. ' 

Yotar experience is that temperature is a measure of "hotness," 
This is true, , because what you sense as" "hotness" is molecules". 



striking your skin, and temperature is a measure of the average ' 
kinetic energy of indivi4ual molecules, ^^he greater the .kinetic, 
energy Of molecules, the faster they move and the hotter they feel. 
■ ■ " ' # .. 

When we say "average kinetic energy of individual molecules," 
we mean the total kinetic energy (the heat energy) divided by the 
numbet of molecules. Thus heat is closely related to temperature,, 
although at the same temperature two unequal masses of the same . 
substance contain diffefrent amounts of heat energy. The average ^ 
•ki'ne tic energy of the molecules in th6 two samples is the same, ^ 
biit since the larger sample has more molecules, it has more heat ' 

energy . 

One way to think of temperature is as an indicator of heat 
flow. If two objects at diff^ent temperatures are brought into' . 
contact, heat energy flows ffOm the one at higher temperature to 
the one at lower temperature.. If the two objects are at the same 
temperature, no heat flows between them. . 

Heat energy is measured in units that are defined in terms of 
the, amount of heat required to raise the temperature of a given 
amount of water by a certain amount. . 

• ■ ■ ■ • . ■ . , ■ ■ «■ 

The unit called the ca lorie is defined -as the amount of heat 
required to raise the temperature of a gram of water -by one Celsius 
degree. For example, ten calories can raise the temperature of ten 
grams of water by, one Celsius degree, or they can . raise the tempera 
ture of one gram of water by ten Celsius degrees. 

Another unit, the kiloc.ald'rie , is the amount of heat required, 
to raise the temperature of a kilogram of water by one Celsius 
degree.- Thus one kilocalorie is equal to ,1000 calories.-. 

EXAMPLE ; - " 

How mucl> heat energy in calories is required to raise the 

temperature of 200 g of, water from 60 ""C to 80 °G? , How many 
kilocalories?. 

S OI.UTIOM ; . \ - / . 

■ ~ ■ ■ u- - ■ 

We use the notation AT for the temperature change. 

. " / AT = 80 - 60' ^ 20 /C 

. ( •. ■ ■ ■. ■ 

One calorie is required to raise the temper a^re of 1 g of^ 
water by 1 °C. Therefore, the heat energy (H) required to raise, 
j:he temperature of x g by AT degrees is . given by 

■ . * - ■ ' ' • ■ * 

H = xAT; . ^ - . 

H = (200) (20) 
. =s 4000 calories- 



4000 calories x j'nnn^^f f''^^?^! = 4 kilocalories 
. ; ^ 1000 calories. 

/■•• . •■ . • . •■• 

■ Units of caloriea arid kilocalojries/ originally intended to. 
measure quantities of heat, often used to measure other, forms 
pf energy as well. • 

22-3 Chemical Energy / . ^ . ■ . • 

Among, the products of digestion are monosaccharides ^ fatty^ 
acids and amino acids. VWien these substances' react with oxygen , 
energy is released. Inhere does this i energy come from? \ 

The energy comes from dhemical bonds, where it is stored in a 
form called cheiaical energy > Whenever a chemical reaction occurs, 
bonds are formed and broken; and either Smother form of energy is 
converted to an^ stored as chemical energy, or chemical energy is 
released as another kind of energy. 

Gasoline is a mixture: of hydrocarbons. The hydrocarbon mole- 
cules have energy stored as chemical energy. When a mixture of 
gasoline and air Is ign,ite^ in an autopobile engine by^ a spark, a 
chemical reactio^i occurs. Chemical energy is converted to other 
forms of energy.. One form is heat; another is kinetic energy — . 
as in the motion of the automobile. ^ 

Pood likewise contains energy stored as chemical potential 
energy. The use of fopd by the .body as a» aource of energy is in 
many ways analogous t</the use of ^gasoline by an automobile. In , 
both cases fuel is oxi^izedv morei vigorously in the automobile, 
more gently in the body. And the body uses the energy obtained^ ' \ 
more efficiently; more is converted to kinetic energy and\ less 
to heat.. . V \ ^ 

' You may now appreciate that the c^loi^e is not a unit of mass. 
,The misconception arises because energy is stored in the body in 
the molecules of fat, protein and carbohydrate. And fat is\ measured 
as ttiAss, not as energy. 

Since the energy that interests us in the stiidy of nutrition is 
chemical, we will discuss how potential energy is stored in cheiqical 
bonds* /' ' . . \ ■ 

Chemical energy may be thought of as a typ6 of electric poten- 
tial energy. Recall that an atom consiiits of a positively charged 
nucleus surrounded by negatively charged electrons which occupy . 
orbitals. An electron is attracted to an oppositely charged nucleus 
just as a book is attracted tc> the earth. The book has gravitation- 
al potential energy because oi this -attraction, but as it falls, its 
potential energy decreases. Likewise an electron has electric poten^ 
tial energy becaus6 of its attraction to the nucleus, and if it 
moves closer to the nucleus, its potential^energy diminishes. (See 
.Figure 2 on the following pag^e.) ' ^. 

"Electrons in different otbitals have different ampunts of 
potentia.1 energ}^ when an electron moves from one orbital to another 



its potenticll. energy changes. Electrons that are ^art of molecules 
occupy orbitals, just as electrons do in single citoms, although the 
situation is more/ complicated in molecules. V 



•. ^ higher potential . energy 




attraction . 
— — ^ — Idw^r potential energy — - 
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Confe^der 
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FIGURE 2: Attraction and potential energy* 

the hydrogen molec\!ile, ^j' Each atom has one elec- 
1: contributes to the bond. 

H:H 



An electron is not attract^dtto just one nucleus;, it is attracted 
to two nuclei (figure 3). (Ih addition, the two nuclei repel, one 
another, and the two electrons repeal one another.) 




: . |J|lGURE. 3: X^Aptraction and repulsipn'in a hydrogen molecule, 

'What is important about this arrangement is ^that the poten- 
tial energy of the electrons in a bond between hydrogen atoms is • 
lower than the potential energy of the ^electrons when they are 
attached to isolated hydrogen atoms, -^erefore, when two hydrogen 
atoms have the oppoiitunity; they go to a situation of lower poten- 
tial energy by' combining to form a hydrogen molecule. The situa- 
tion is like that of \a ball on a hillside; the ball rolls to the 
bottom of thfe hill ^ where potential energy is lowest. (See 

Figure 4, opposite.) ^ 
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• high potential energy : H* + H» — 7- — 



— low potential energy + II ;H :f 



I'lGURE 4 : ' Movement toward lower potential energy . 

The potential, energy « of a rolling be^ll is converted to the 
kinetic ener*gy of its motion; the pot>ential energy of conjbini,ng 
hydrogen atoms may 'be released in a number of ways, such /as 
radiant energy or heat* \ 



The relefase of energy by the formation of a boAd between hy- 
drogen atoms is typical of chemical reactions in which bonds are y 
formed. When\ a bond is formed, energy is jeleased. / 
■ . ■ ' '. ,1 . . . ■ ■ ' . ' . • ■' ■ / • 

But in chemical -reactions bonds are not only created; tt^ey are 
also, broken. ^,When a bond is |>roken, energy must be obtained by the 
molecule. When a ball is carried to the top of a hill/, work is 
done on the ball; the batl is given gravitational . poteihtial energy . 
When a chemical bond is broken, work is done on the e.3iectrons; the 
electrons are, 5iven energy whidh they store in the form of chemical 
potential energy (Figfure 5)\ 1 




- - — - - high potential energy — 




*- low potential energy 



m: H' ------- 



FICjURE 5: Incr&ase in potential energy, . 



The separatedP atoms may release their stored energy by taking part 
in another chemical reaction. ' - • 

We have presented chemical energy as a form of elyectric energy. . 
This is only a slight, oversimplification. Chemical eiiergy is * * 
basically electric energy on an atomic scale. . " " . 

. A .■ ■ f. . ■ 

' Thfs discussion, of the* theory of chemical energy is an intro- 
duction to the topic 6t the next section, which conceri** th^e quantity 
of , ©(i^rgy released or absorbed during a chemical reaction*. 
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Distinguish between kinetic energy and potent 
Ust >e,.eral wpss »f potentiar 

DisMnguish between heat and temperature. \ ■ t 

Define the term "calorie. 

■ ■. ■ ■ • . " ' . \ ' , 

When a ball is thrown^ straight up, at what point doep it have maximum 
potential energy? Mximuia kinetic energy? Minimum potential energy? \ 



^ow much en0£gy is rtqulred to heat 12 'grams of i^tfr from 20 ?C..tQ 30 "C? 

. Describe the conversions of energy from one form to another when an auto- 
mobile burns gasoline. „ ! 

Vbcabulary ; if " 

caiorier ^the amount of energy required to raise the temperature of 
one gi^am of water by one. Celsius degrefe. v . 

■ V. '■ ' < ■ . 

chemical energy- ^-the potential energy, essentially electric, stored 
in chemical bpnds. ' 

• energy— the papacity to perform work. ^ 

heat--the kinetic energy of indi^idMal molecules, atoihs or ions. 

"1 — ■ • ■■ ■ 

kilocalorie — ^the amount of energy required to raise the temperature 
• ■ . of one kilogram of water by one Celsius de#ree. 

kinetic energy — the energy of motion. 
potential energy -stored energy. ' 

^ . - ■ ■ " ■ ' ♦ " . ■ ■ ■■ ■ ■ . 

temperature — a measure of the average kinetic energy of individual \ 
molecules, atoms or ionsh.* - 

■ - . . • ■/ ■ — ■ 

work - -the effort required to move an object. • If an object is^moved 
straight upward against the force of gravity, the work done on 
* the object is the product of its weight and the heigjit t?b Which 
it is raised. - " ' 



CTION 23: RELEASE AND CONSERVATION OF ENERGY 

23-1 The Energy of Chemical Reactions * 

How is the chang^ in energy during a chemical reaction expre$3ed? 

The purpose of tliis' sequence is to see how our bodies obtain 
energy from the food ^e eaiTT We" have /stated that this energy is 
ob±ainQ,d by the chemical reactions of products of digestion. But 

how do such reactions release energy? 4 

t • . ■ ■ . • ■ ■ ' ' ■ .■ 



• " ^When chemical bonds are formed, energy is released. When 

bonds aire broken, energy is absorbed. However, most chemical reac- 
tions involve both breaking bonds and forming new bonds. THe amount 
of energy released in breaking bonds and the amount absorbed in 
forming bonds are seldom equal. Therefore the end result may be 

•M.>>'either (absorption of energy or rel^ease of energy' during the reaction: 

Fpr the present we will treat the energy that is absorbed or 
given bff as heat. If the energy released by the formation of new 
bonds is greater than the amount needed to break existing boryis, 
heat is given off during the reaction, and the reaction is said to" 
be exothermic . But if the breaking of bonds requires more energy ' 
than that released in forming new bonds, heat is absorbed during the 
reaction, and the reaction is endotheryic . 

' . Consider the hydrolysis of maltose to form' glucose. , In this 
reaction, two bonds are broken as. the maltose and water molecules 
split. Two new bonds are formed as the H and OJ^ fragments from 
H2O join the maltose fragments to form glucose molecules. 
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MALTOSE \. GLUCOSE 

• ''^ ■• , V ' ■ 

• When on-e molecule of maltose hydrolyzes to form two molecules 
of glucose, 7 x 10-24 kilocalories of energy are released. This is 
a very small quantity of energy and a very small quantity of matter. 
For these reasons the energies involved in a chemical reaction are 
given not in terms of molecules but in terms of moles .- The energy 
released in the formation of two moles of glucose from maltose and 
water. is ' 

. ,.-2'4' kcal \ L „ io23 molecules] = +4.2 
' V ^ ^^ ^olecule I 1^"^ mole 1 mole . ^ 

Since heat is released, the reaction is exothermic. The fact 
that heat is released in the reaction indicates that the reactants- 
had more stored energy than the product does. One mole of maltose 
and one mole of water contain 4.2 kilocalories more energy than two 
moles of glucose do. 

Suppose we let Hreactants be the energy stored in the reactants 
and Hprp^ucts b® tlie energy stored in the products. The energy .. 



released -or absorbed in a reaction is the- difference between the 
energy stored inlt.he products and the energy stor'.ed in the reactants 

In .Bi,omed|cal Mathematics you have used a /ConvenieAt notation 
for expressing, the difference between two quantities, the symbol A 
(delta! . We njay use this symbol to write the/ difference in energy 
between tlie products and reactants in a chem;i;cal rpaction, 

~ ^ppducts ' "react an1 

The amoun't of heat erteliy absorbed a, reai^ion is called the 
heat of reaction . Thus AH is the heat of re^ctiofv and is usually 

written Altr- If Hproducts is greater tjian Hteactiants' ^^^^ 
absorbed "and AHr is^ positive. But if Hproducts is less than 
Hreaotantsf heat is released and AHj, is negative. Thus the sign 
of AHr indicates whether; heat is absorbed or released in a reaction. 
. ■ . . ■■' ... ■ " » ■ . . . ■ . 

Since energy Is released, rather than absorbed, in the hydroly- 
sis of maltose, the heat of reaction for this reaction is a 
negative .quantity . . 



\ 



* r mole 



It is important to reme^iir bow heat of reaction is defined: if 
energy is absorbed , ^.JhPv>i<^■at of reaction is positive 7 if energy 19 
released:,, the heat of reaction is negative . Heat of reaction is 
•defined from the point/of view of the molecules involved iti a^reac- 
"tion. If the molecules gain energy during the reaction,, the heat 
of reacti'on is positive; therefore- AHj- > 0 for endothermic reactions 
-If molecules lose energy ^during the reaction, the heat of reaction 
is negative; therefore AHj- < 0 for exothermic reactionrs. . • 

■ • ■ ■ ► . . ■ 

' A chemical equation may be written to include the heat of 
reaction. But if the reaction is exothermic, the energy appears as 
■a positive number on the right side of the equation. Thus the 
equation 'for the formation of glucose by the hydrolysis of ^maltose 

•'■ ♦ . . -, 

. . > ; maltose + water 2 glucose + 4.2 kcal 

I The equation may be interpreted to mean that the reaction of on 
\mole of maltose" with jane mole of water produces two moles of gl 
jand 4.2 kilocalories of energy. ^ 

Wh4ri ^' heat of reaction is negative, as in an exothermic reac- 
tion, it appears as a positive number on the ridrht side of the_reac- 
>tion equation. When a heat of reaction is positive, as it is for an 
endothermic reaction, : the number on the right .fide of the equation 
is negative. • • 

Ai. source of confusion may be the units "kilocalories per mole." 
When a reaction equation is written as above / the heat «f reaction 



one " 
ucose 



•refers to the reaction of one mole of maltose and one of water to * 
produce two moles pf glucose. Per mole of glucose, 



AH = I X ( - 4 . 2| = - 2 . 1 kca 1 



This fact may be expressed by Siting the reaction equation either 
in the form 



^ rtaitOSj^ +^ water ->■ .glucose AH^ = ^'2. 1 



kcal #1 



mole of glucose 



or in the form, 



4 maltose water -> glucose + 2.1 kcal 

2 ■ . 2 ■■5 



23-2 Conservation of Energy 
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What^ happens to Energy that is expended? Is it lost? • 

Throughout this sequence we consider energy as though it were 
a type 'Of ^oney or currency. Energy is "stored" — in balls on slope 
in chemical bonds— as money is stored in banks. It is "converted"— 
from potential to kinetic, for instance— and it is "expended. " We- 
may discuss energy in these terms becaus^'it is conserved. Indeed, 
the Law of Conservation of Energy is one of the fundamental laws 
of. physics. We will illustrate the idea of - conservation l?y an 
example. 

Imagine a ball placed at the top of a slope. Because of its 
position the ball has gravitational potential energy. We will say 
it has 20 units of energy, all potential. It has no kinetic energy 
because it is not yet moving Jsee \f igure 1) . 
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FIGURE 1: Conversiori of potential enetgy to k'^etic' isnergy. 

The ball begins to roll. When it is halfway\ down the slope, 
it has only half as much potential energy,; 10, uni^s. But it now 

■■<■■.■■; ■ ■ ■ ■ ■■) ■ ■ ' ■ : . . . \ ^ 
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.\tias kinetic energy,^ because of its motion. The amount' of kinetic 
efiiergy it has is atf units. \ ^ . , ' .4 : 

\(phe ball continues to go faster as it rolls to the bottom of 
. the si^pe. When it reaches the bottom it has no potential 'energy, 
but it.\as 20 units of kinetic energy. 

-If the ball rolls along \he . bottom and encounters/an upward 
. slope, it will begin to roll up that slope (Figute 2) . 



I 




FIGURE 2 :^- ^^nversibrjl of kil^tic energy to potential energy . 



'How far? As ii; rolls up- the sTlope, kinetic energy, is converted to 
potential energy. When all the kinetic eflergy has been converted 
to potential energy, the ball stops. It stops for an instant; then 
it rolls -back down.. ^ ' 

if all 20 units of energy became potential energy, tJe height. 
Che ball would- reach On the right-hand slope would be the same as 
the height at which it began on the left-hand lope. However, not 
.all kinetic energy is transformed to potential energy. As ^he ball 
rolls it encounters resistance in the form of friction, and some of 
the ball's energy is converted tg heat. If the ball is allov/ed to 
troll back and forth between the slopes indefinitely, its energy is. 
gradually* converted to heat. Eyentually the ball comes to -rest at ' 
the bottom, where it has no potential energy and no kinetic energy.. 
But 20 units of energy have not been destroyed; they, have been con- 
verted into a different form of energy, heat. We'say that .energy . 
has been conserved, meaning thail the total amount of energy has not 
changed. < - ^ . 



The story o| the ball illustrates the Law of, CC)nservati6n of 
.Energy. This law states that energy can neither b^ created nor ^ 
destroyed . . ' 

This law is true^of all processes, not only the conversion of ^ 
gravitational potential energy into kinetic e;iergy. When a rubber 
band is stretched,- it is given elastic potential energy. When. it 15 
released, the potential energy is converted to an exactly equal 
amount of kinetic energy and heat energy. When gasoline burns in 
an automobile engine, the ch'enjical potential Energy of the fuel is 
converted to an exaotly equal amount of kinetic energy^ and heat. 



Vi^enVscientists. discovered that .in ^^^^^^^^ 
.m^y be **dpnverted to energy , - they ^d not', ai^^fii^dpm the Law of Conser- 
vation of Energy— rather they included mat as^ a |orm of energy I ) . 
i •• ■ ; : ". " ■ ■ ' ' ■;, .■ '. ; " ' Y • "■ ' •' 

' • • * People have befe.n becoming incre-^singl^;;\^^^^ " • . ; 

energy crisis. You have no 'doubt hearU tha.'i^V^^ short 
, of sources of energy^. But if energy is CconseteVed, if it is neither* •. 
created. «^Jor destroyed > how can we run shoi?,t of '^ene.Fgy? The ajiswer 
is that energy that' is 'converted^ to hdat is nbt#alv>ays usable. In 
that semse energy whicii is converted to heat ^s los^ it is 

• inefficient 'to Convert heat back to other fornjs of' energy. Each 
^ time we use the. chemical en,eS:gy of fuels, or foods, we convert some 
of that usef uL Energy irvto. heat. And the supply p£ fuels and foods 
is limited, it i,s in this .sense that, our s!fepp lies o£ energy are. 
, . running "low. ' . v • ^ ■ ■ 

,23-3 Cons^rvatioA of Energy in Chemical R6actions . 

■ ,Wh^t happens to chemical energy during a series of chemical reactions?' ^ . 

Energy is stored in' the bonds 'of a maltose (C12H22O1I) moleeu-l*. , 
. . Much .of this .energy may be. converted to heat by reacting maltose . 

with oxygen 'as follows«. • . ' . < /• 

C^H^^O,^ + 12 0. ,^ 12 CO. + 11 HjO +'^:i35X):.2 kcal ■ (IN^^ 



....... .... . . . ^.A ■ 
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The reaction is exothermic; A'H is -1^50.2 kilocalor'ies per mole . ^ 
of maltose. The energy .stored in one mole of aaltose plus .12 moles 
of '02 is 1350.2 ki'localories more than that scored in 12 moles^of 
,'g02 and 11 moles o-f H2O.. . ' / * , ' ^ \ 

H + H • = H*,^\,« + H,, >, " + 1350.2. kcal 

* •. • ' ' ■■>■. . • . ■ ■ . ■■ ■ , 

The energy stored in maltose may be released in other ways 
aide' In Section 23-1 we used tl>e example, of the hydrolysis of ' 
maltose to glucose (CgSio^g) and |ave the hpat of Reaction as' 
. r.4, 2 kildcalories per mole of rtialCose. \ , \ 

, . ' ■ • ' " ■ ' ■ •■' v • . , 

■ . * ■ , C*2H220ii +'h20 - 2 Cgtt^^Pg, + -4.2 koal- , , , ; (2) . ■ 

When maltose hydrblYzes,- 4.2 kilocalofies per ntole of its 
^'energy and the'ener^y from H2O is released as heat. Agairi, energy 
is conserved, and tlie remainder of the energy contained in maltc^e 
an^ wate^' is. transferred, to the glucose molecules that are formed.'. 

H ^ ^ = H- ■ +, 4.2 kcal.. . . "i. : 



' ^12»22"U "'2^ . - "6"12% 



In turn, energy can be .obtained from glucosj by its combiistidn 
with oxygeh. The reaction is exothermic, and'-673.0r kilocalor,ie^\ 
. are given cfi per mole of glucose reacting. . ■ ^ ^ ! 

V * • ; CgH^2^P^ ^ ^^2 ^ ^^2 / "2'^ 673. 0 kcal , \ (3) . , 







/ 
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. • • . • . ■ ■ •■ ■ ■ ■■ ■ . ■ ■ , ■ ■ 

Equation 3 tells. us that one mole of glucose and six 0^192 
contain 673.0 more kiiocalories • than six mo^es of and ^44^ 



of water. 

" H + H - + „ a;+ 673.a kcal 

^ ' ^ °2 ^ ? «2^ 

Energy has now been obtained from maltsse m two steps, an 
the' first step (Equation 2) , a mole of maltose was hydrolyzed to 
two moles of glucose, releasing. 4,^2 kcal. The two >moles df glucose 
'than reacted (Equation 3) with 12 moles (St O2 to form 12 moles of 
-CO2 and X2 of H^O, releasing 2 x 673,0 = 1346.0 kcal. /The total 
energy released per mole of maltose is „ 

•4.2 + (2 x^673/0)" = 1350.2 kcal per mole of maltose 

■ : Compare this number to the one obtained by directly oxidizing 
maltose to •002 and H2O (Equatib^ 1) . Whether maltose is converted 
.^&bv^02 and H2O directly, -or in two steps, 1350;2 kilocaXories are 
>i5^n off per' mole of maltose. / This result is not .coincidence;. 
jfta'Wieriit. is the result of energy"being conserved in >ach. of the 
three :reac*<ions I arid the fact that Equations 2 and 3 'combined ate 
equivald*^ €0 Equation 1. Quantities are doubled in 'Equation 3 
baibw to take^^aciSQunt of the twp; mole?' of glucose formed per mole 
" ma'lto^ie. •.'/'. •'•''> v ' 




'-^/^^SQiiS^^.^^' ^-fir ^ ^cHi -y^k •+ ^ ' ^ ^^^^ * • " (Equation 2) 
>>>v^ ^^^^^^ -t- 12 002 * i? 1*2° * 1 346 ;0 kcal (Equation 3) 




f; (Equatsion 2^+ Equation 3) 
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0-;'> 12 ^Gp.,/:+ ll. H'OV t 1350;? kc-al 



/ -(E^^ft ■V+ Equg(|ion ^"-^.Eqtiaiiydn 1)^ ■ • 



. - - . .. :5>Hus th^ amourii^ nV" - • 

-/ i/^'. ieotitv^e^m dioxide W^water:c^ir e^ualHo thacf mount ;;re- ; 

\ S¥ : H 'irLeaie&^^ sfeep^y wi|h g%co^a as an , 

" " / Vintermediate/p^diic^t:^^^ h(JP,dfe ^tue^yhei^Vei?; the -f^nal ^ • 

pirpdu^^ tjie s„ame ais* th^i pr6ducts^i of > 

' -^^^ ^inglerreac^idnv. fhiis^ 3^^sp^ or^the, conservation of enprgy^? . 

:-v lmport^^t:i:b^^^^^ l8)?caus^6,>n e^ur ^jells.the , 

. . . "^^^ene^gy-^^ntetrit/ot^^oc^ >. .. 
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A Biomedical Laboi;aiory Manual is accidentally knocked off a car roof. If 
• the potential energy <^f the book on the roof is 1. 86 c^ories, what will be. the 
potfsntial energy of the book just before it hits the pivement? What is the , 
kinetic energy just before it hits the pavement? ' ... ' . 

• ■' ' . ■ I ■ ' •■ ■ ' • 

f.,; "State the Law of Conservation of Energy. 

. Jb . • • . • » 

Is the earth running out of energy? Discuss. 

' f ■ ^ • ' . ■ 

• ' Is energy conserved in chemical reactions? Explain. .. 

■ ■ .. . . / ■ . 

Vocalbulary ; ■ / 

■« ' .• — => 
endothermic (EN-dcte-THUR-mik) —referring to' a reaction in which . 



heat is ^bscrbeid. 

exothermic (EX-oh~THUR-mik) — referring to a reaction in which • 

heat is given off. 

/ ; ■ ■ , . _ 

he at of reaction — the quantity of heat absorbed during a chemical 
reaction. ; ' * . 



PROBLEM SET 23: . i ' 

1. Excess acidity (H+ ions) in the stomach may be neutralized by 
antacids containing bicarbonate (HCO^") ions. 

• ■ ■ . ■ ' . I . ■■ ' ■ . - ■ ■ . . , ' ■ . • ■ * 
. '.\ ' h"^ +,,HC03'" U^CO^ 

AH = -1.82 kcal per- mole 

r . ■. 

' * ■ ■ ' . 

a. Is the reaction exothermic or endothermic? ^ 

■ ■ . ■ ■ ...■■■/■■■"•■.■ 

b. Write the heat of reaction as part of the eqUatioi;i. . 

2. The following equation .represents the conibustion of'methane, 
but is not balanced. : y 

210.8 kilocalories are released by the combustion of one mole of 
methane . 

a. Balance the equation* ... • :V 

' " . . . ■ * ■ ' 

* -b-. Is the reaction eKathermic or endothermic?- 

'-x" ■"xii^;- What is the heat of reaction, of the combustion of methane? 

\-'d. s'VIt reaction as part of the balanced chemical 

•• eguatibtv,: •■ •'B. . .■ " , 

'0^ 1^.v ■^'^/:■•• 152 • ■ ,■ 



e. Is jmpre energy contained in the" bonds of-tjie reactants or 
the products? ♦ 



3. The neutralization of a^i acid by. a, b^ise produces water. 



]^ + oh"' ^ 



A mole of water contains 13 .36 fewer kilocalories of' energy than the 
combined energy of a mole of hydrogen ions and a mole of hydroxide 
■ ions. ■" ■ ' 

a. ' Is the neutralization reaction exothermic or endothermic? 

b. What is. the heat of reaction^ , 

4. The body iS' able td|te galactose (0^^1206) a source of < 
energy by first convert!^ it to its isomer glucose. ^ 



galactose . glucose 



Glucose can then be oxidized, as we have seen, with the release of 
673. 0 kilocalories per mole. 

Vl2^6 ^ °2 6 Cp2, + 6 AH^ = "^'73' 0 mole of glucose . 

, • ■ , ' . ■ ■ : ■■ , .■. V ■ .... . . _ . ■ 

a. Is the conversion Of galactbse to glucose exothermic or 
endothermic? / 

13. If a mole of galactose is oxidized directly to C02'and H2O, 
what is. the change in energy? ^ 

^ ^c, *How much energy can be obtained by the oxidation of one 
gram of galactose? ( Hint ; . Determine the molecular weight of 
galactose 

5. Assume that the 6ctane in gasciline burns Completely in an auto- 
mobile engine to- form carbon dioxide, and water. The combustion of 
one mole of octane rel^ses 1303 kilocalories o^ energy. / 



a. 

b. 
c. 



Balance the equatioT^V 

Write i^jie h^t of reaction as part of the equation 
is the reaction exothermic oir endothermic? 




. d. If 900 kilocalories per mole of octane are converted to heat 

how nluch energy per mole of oc tane can " become kinetic energy?. ' ^ 

. e. What is the general principle behind the calculation of ♦ / 

.Part 4?^* v' . 0 ■ ■'. / ' 



SECTION 2 4<: ENERGY Mb METABOLISM 
24-1 Energy and Food - 

Do the processes within the body ohey the Law of Conservation of Energy? • 
' ■ • " ■ ■ • . ■ / ■ . ' : ' . ■ . ' • ' . 

We havAillustrated the conservation of energy by describing 
a rolling bail. The ball was placed at the top .of a slope, where, 
it had a certain amount of potential energy. As it rolled down 
the slope, potential energy was converted to kinetic energy. At 
the bottom of tlje slope, the ball had no potential energy; its 
energy was entitefly kinetic. 

The amount of energy possessed by the ball was constant through- 
•out; energy was conserved. But where did the ball obtain its energy 
originally? If the ball began with 20 unit^ of potential energy, 
someone did 20 units of work on the ball. Someone (or somit>ne^ s . 
pet dog) expended 20 units of energy. 

The person. who placed the ball at the top of the sl6iJe'did not 
create 20 .^units of energy. The processes of the body obey the Law ' 
of Conservation of Ene^-gy just as a rolling ball, a stretch^d rub- 
ber band and an automobile engine do. ^ But whereasi an- automobile 
uses the chemical energy of gasoline the body uses the chemical 
energy df food. ' * ^ 

The oxidation of proteins, fats and carjDohydrates is exothermic. 
That is, energy is released during the reactions. The amount of 
energy relea.sed is measured in units of calories. 

The nutritionist's calorie is the same as the physicist's kilo- 
calorie: ftie amount of energy required to raise the temperature of 
one kilogreftn of water by bne Cfelsius degree. From now on we will 
express quantities of energy in terms of the nutritionist's calorie, 
abbreviated "Cal". (The capital "C" helps to distinguish the two 
kin4p of calories.) Whenever the word "calorie" is used in reference 
to food, it will be the nutritionist ' s calorie. . 

The exothermic reabtiori of a nutrient with oxygen is illustrated 
by the combustion of the monosaccharide glucose, which we encountered 
in the last section. • 



'( . ^6%2°6 ^ °2 ^ ^^2 ^. ^ "2^ + .^^3 



The combustion ,of one mole of glucose releases 673 calories of 
energy. ^ • 

HOW much energy does the body obtain from different nutrients? 
Energy values of foods are generally expressed in terms of mass of 
food rather than numbet of moles of food. * So we wish to know the 
number of calories released by the combustion of one gram of each 
nutrifinti One mole of glucose reacts'to provide 673 calories. To 
^ind the energy provided by one gram of glucose we mu?t calculate 
its giram^ molecular weight. " 154 



The atomic wAght f f cai?bon is. 12 amu, and a glucose molecule 
contains 6 earbortl|toms. Therefore, carbon .contributes 12 x 6 « 
72 grams' to the gf am molecular weight, The atomic weight of hydro- 
iLgen isll amu, so the 12 hydrogen atoms per molecule contribute 
1 X 12 « 12 gramsi to the gram molecular weight, Each o^f the 
6 oxygen atoms hak| an atomic weight of 16 amu; consequently oxy- 

..gen contributes 16 x 6 = 96 grams to the'grapi molecular weight. 
The gram molecular* weight of glucose is th^ sum^ of the contribution 
of carbon, hydrogen and oxygenr or 72 + + 96 - 180 grams. ; One ' 

XinoJ^e of glugose thus has a weight of ISCT grams. , 

■ ' * ■ 

' ll'SO grams of glucose oxidize to release 673 calories of energy; 
Therefore, glucose provides <. - • 

Cal\ ■. ■■ . 



673 



» • ^ . _ 3.74 Cal per g 

. mole \ 

The oxidation of starch provides 4.18 calories per gram. How- 
ever, the digestion of starch is not compllfetely efficierit. About 
five p>6r cent of starch consumed is „undigested and passes through 
the h^y without providing energy. Therefore we multiply the num- 
ber/!. 18 by .95 to obtain a more realistic value. The actual ener- 
gy/value Of starch is thus 4.18 x .95.^ 4,0 calories per gram. We 
v^lll use the number 4 calories per gram for the energy value of 
'Carbohydrates in general, "^his is the number you have be^n using 
in' nutritional calculations in Biomedical Mathematics. |j 

Fats also react with oxygen to form carbon dioxide and water 
4nd to release energy. The combustion^ of a mole of the fat tri- • 
palirtitin is an example of this- . // 

. =5l"98°6 * ^4, °2 " 51 + 49:H20 + 7657,C?1 . 

(tripalmitin) ., ' 

T^ie molecular we4.ght of tripalmitih is 807 amu. Since the combus- 
tion of one mole of tripalmitin releases 7657 calojies, the com- 
bustion Df one gram releases • 



7657 



mole 



807 



mole 



9. 4j8 Cal per^g. 



This value is typical fc^t the combustion of one gram of a fat. 
The digestion of fats,' like the digestion of carbohydrates, is^only 
about 95 per cent efficient. Therefore, we multiply 9.48; by . 95 
to obtain the value of approximately 9.() calories, for the energy 
obtained from one gram of tripalmitin. We will use 9 calories per 
qram^ for the enei^gy provided by fats as a group. Note that, gram , 
lor gram, fats are much ri>3her in energ^y than carbohYdrates. Pat 



Pat 
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deposits are the mogt efficient means of storing energy In the body,' 
since ovei: twice^s^:Tnany "calories are stored in a gram of fat as are 
stored ixi a gram of carbohydrate or protein. Cphis is not meant to 
.endaise building energy storage depots of fat — we will treat the 
health problems associated with obesity soon.) . 

; ■•■ ■ " ^ ■ • . :■ ■ • 

The chemical reactions for the combustion of proteins are more 
complicated than the reactions of fats and carbohydrates. Tftis is 
because there are many different kinds of .^proteins and they are 
.c6mposed of many different kinds of amino acids and each amir>o acid 
is oxidized in a different yay. Thus, we will not attempt^to write 
^the equation of a protein oxidation. 

•\ In addition, the degree, of d:^stibility varies greatl^ with 
the kind of prd4:ein being digested.-' While we can digest meat pro- 
teins almost completely, w^ cannot digest plant proteins as weli. 
Only about 70 per cent of the mass of corn proteins as digestible. . 
The accepted practice of nutritionists is to take, an average for 
the energy value of protein of '4 calojies per gram* 

Note that the energy, valuer gf proteins, fats and carbohydrates 
are only specified to one digit. For example, th* energy value of 
one gram of carbohydrate is given ^s 4 calories, not as 4.0 calo- 
ries. Does, this tell you anything about the implied uncertainty of 
the numbers? The nuftibera are only average va^Xues; variations are 
found between one substance and another.; A? we determined, glucose 
does not provide 4,0 calories per ^ram but ■«||74 calories per gram, 
or less if it is not completely absorbed. In addition, the effi- 
ciency of digestion and aisq of a nutrient varies between individuals 
Our values of 4 calories per gram for proteins and carbohydrates .and 
9 calories per gram for fats are useful numbers, but it must be re- 
membered that the va*riatioji Jlrom them may be as much as t.5 calorie 
per gram in^ some cases. 

To illustrate ithe uge of these numbers and also to demonstrate 
their uncertainty, let us use them to calculate the energy value 
of^a cup of almonds. A cup*of almonds contains. 26 grams of protein, 
77 grams of fat and 28 grams of carbohydrate. '. 

' 26 grams erf protein provide , » . , 

26 grams X 4, ^^^11^ = 104 calories . 
77 grams of fat provide ...... 

77 grains x 9 ^^g°am^^ = 693 calories. 

• 28 grams of carbohydrate provide 

28 grams X 4;^^^||^ = li2 ,^ories 



I 
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■\ ■ . .■ 
■ ■\ ■ \ • 



The\t®tal energy provided by a , cup of almonds is the sum of the^^con- 
tributions. of protein, fat and 'cairbohydratei,. , 

.104 + 693 + .112 = 909 Cal 



(You have learned to solve this type of problem in Biomedical 
Mathematics by using the dot product*^ ^ ' ' „ 

The ehergy value of a clip of \liiionds may also be determined 
from a food table, USDA 'Bulletin 72 indicates that 850 calories- 
are actually obtained from one cup of^ almonds. Our calculated value 
of 909 calories is . too high by almost seven per cent. For most foods, 
however, the difference is not this great. 

■ ■ ■ * ' ■ .. • • ■ 

24-2 Energy tend the Body I ' . . > 

■ " .|. . ■ - ' . . . 

What is meant by "metabolic rate?". What is its medical %ignificance? 

Our, bodies obtain t'heir energy from chemical potential enei/gy 
stored in foods. This chemical energy is cohverted into other 
forms of energy by the reactions of products of digestibn-with 
oxygen.. * • . v 

Energy is needed by- our . bodies not only to lift balls fifo the 
tops of slopes and perform other muscular activities; . it also' is / ; 
requirec^ while we "are at rest. Energy is required .for breathing, / 
circulating blood, maintaining our body temperature and keeping our 
^brains "active. So we even expend .qnergy 'while we sleep. 

tChe term metabolism jrefers to two majof classes of chemica^l and 
physifcal#processes that occur within the cells of our . bodies. One 
of thise processes 'is the building of large molecules from simpler 
ones (for example, proteins -from amino acids). The other process 
is the release of energy jfor use. in the body by; the conversion of 
large molecules to simpler ones. * ' ) ^ 

The term metabolic, rate is used to describe the rate at which 
we expend energy. The metabolic rate differs depending upon what 
kind of activity, we are engaged in. It is greater for strenuous 
activities, such aS swimming, than it is for sedemiary ones T such - 

as watching television. , 

* ■ ■ . ■ 

The amount of energy required for a specific activity is not 
measured dire^ctly. We cannot feed a person 10 grams of glucose and 
tell him to- run around until the energy is used up. : 

> ■ * ■ . * ' ' . • . • • • 

• However, a method do^ exist for estrimatri-ng-fchp-ener^y we ex- 
pend. Itt is based upon the. equation/ for the combustion of a food,- 
Consider again the reaction of glucose. ^ 

' #^6"l2°6 ^ °2 ^ ^ ^°2 ^ "2^ ^73 Cal ' 

This equation summarizes the molecular process of respiration. It 
tells us that when 67,3 calories, are obtained from the oxidation of 

. * ; ■ . \ ■. , ■ , ■ . . / ; ; 
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i-glucose, 6 molel^of oxygen are consumed, ♦^t 0 °C and one atmosphe|p 
of pressure, a mole of oxygen occupies a volume of 22.4 liters. We . 
can calculate the amount of energy this react||pn releases for each 
liter bf O2 consumed as follows. (We assume Here, a temperature of . 
0 'C and a pressure of one atmosphere.' If the gas volume is measured 
at othef temperatures and pressures/ the volume of one mole of O2 

' can be corrected using the gas laws.) ^ |. . 

. 1 mole 0» 

. 6/.3C»l ^ =i 5.0 Cal per liter ,. 

.6 moles O2 22.4 liters • 



Thus when glucose is metabolized,, approximately 5.0 calories are 
produced for each liter pf oxygen consumed. The value 'for starch 
and carbohydrates in general is 5.1 calories per liter of oxygen 
consumed. Si?ice it is known how much, energy Us released by the con- 
sumpt:i^on of one liter of oxygen, the energy required for an activity 
may be determined by measuring oxygen consumption. .* 

It is also necessary to know what a person has eaten because 
the number 5.1 calories per liter of oxygen is valid only for carbo- . 
hydrates. A liter of oxygen reacting with fats produces about 

4.7 calories, while a liter reacting with protein provides only 
about 4.5 calories. It is common to use an average value of 

4.8 calories per liter of oxygen for a normal diet. ^ 

v/ One medical test involves measurement of the basal metabolic 
'rate o^/BMR. For this test, the patient is asked not to eat any^ 
thing fir at least 12 hours preceding the measurement. The test 
involvefe measuring oxygen conlumption while t;he patient is lying 
down and as relaxed as. possible. Although the word "basal." implies 
that the test gives the lowest possible rate of energy expenditure, 
this is actually not the case. The metabolic rate is lowest when 
we are asleep." Since it is not possible to get patients tQ sleep 
on coimnand, the BMR is defined as the lowest possible rate of energy 
expenditure while, the individual is awake. The metabolic rate 
during. sleep is about 90 per cent of the BMR. 
- ■ lb 

The BMR varies among individuals. It varies to som^ extent 
/with weight, sex and age. It is differer^ for a growing child and 
'an adult, for a sick person" and a healthy person. It depends upon 
temperature and the surface area of the body^ since heat loss is. 
related to surface area. And a kilogram of musqle uses more energy 
than, a kilogram of fat tissue does. . ^ 

Sometimes an increased metabolic rate is c^sed by excessive 
. secretion of hormones by the thyroid gland (Secfion 19). This cftn- 
dition, known as hyper thy/)idi-sm , is characterized by nervousness / , ' 
weakness, excessive sweat4n,g and resjtlessness , Another symptom is 
increased appetite and weiglht ibss, 'even though the patient eats a 
^reat deal. These symptoms r4sult from too much of the hormone 
thyroxin in the blood.' ^ .J 

One method of diagnosing this disorder is the BMR. ' An elevated 
BMR, the symptoms listed above and other characteristics of hyper- 
thyroidism determined by clinical tests make diagnosis fairly easy. 



,; I- 

TreeZment consists administering, drugs which limit the produc- 
tion of excess thyroxin. ' , ' ■ ^ ' . \ 

Approximately how much energy does the body obtain on the average from 
one gram of protein? Frpm one gram of fa,t? From one gram of carbohydrate? 

he two major professes included under the. heading of metabolism? 

What are seme of^Jh^ factors^ that affect the metabolic rat&?. 

4 • . . '. '* . ■. . ' ■■ ■ ■' ■ • 

What is one medical condition that a BMR tes^ is used to detect? 

Vocabulary ; 

basil ^metabolic rate— the metabolic rat0 while at rest. 

hyperthyroidism' (HY-pur-THIGH-royd-izm) — a condition caused by 
excessive secretion of thyroxin by the thyroid glayid. , 

metabolic rate (MET-uhrBAHL-ik) — the rate oy energy expenditure, 

■ .j.f- by the body. ■, \ .■ ' ■ — ' ' •- ■ • r ■ . . . • ' • 

metabolism (meh-TAB-o-lizm) — the sum total |of the chemical and phys- 
~ , ical processes in the^cellfe by'which large molecules are built 
from simpler ones and by which energy l^-s released for use in 
.the body. • / 



PROBLEM SET 24: , / ^ 

♦ 1.-. Determine the molecular weights of the following substances to 
the nearest amu. (Review Unit I, Section 26-1, if necessary.) 



^. Propane — ^C~H 



3-8 



b. Methylamine-^CH2NH2 



/ 



c. Cysteine— ^N^r— C: C— OH 



I 

S 

... I 
H 



•■■ • .• ■■/ 

2. The heat of reaction for the combustion of ^ucrose (table sugar) 
is -1350 kilocalorles. per mole. . 

I * ^12^22^11 ^'?^.2 ^2 ^°2 ^ ^1^.2° 1350 kcal 

' ■> • ■ ■ ■ ■.' ■■' ■ ■ • ■ ■ ' 

\a. Is the reaction exothermic or endothermic? 



Ij. Pi^nd the molecular, weight of sucrose. 

e.. Uses the molecular weight to determine the anergy content of 
one gram of sucrose. (Remember the' equivalence of "the physicist's 
kilocalorie and the nutritionist's calorie. ) Is t.his value typical 
for. carbohydrates? ' ' 'v 



SECTION 25: CELL RESPIRATION— AN INTRODUCTION 

25-1 Respiration--a Mfetabolic Process 

How do cells get energy f ram , food? ^ ^ 

As indicated in Unit I7 ,there are two different ways to con- 
sider "respiration." We may view it as the processes involved in 
breathing gases in and out of the Ipody as we did in Unit I. On the 
other hand, we may define respiration as those metabolic (chenjiQal) 
processes involved .in the production of energy from foods^-more 
specif ically^ . the bfeakdown of sugars and other nutrients to C02f 
water and energy. 

The first definition was stressed in Unit t because our concern 
was with the respiratory system^ In this unit^ we will focus on the 
chemical changes that occur during the breakdown of nutrients ^ be- 
^caiise this .is essential to uhderstan'^ding the digestive Syst^. How-' 
ever> the two views of respiration are not as different as Tmey seem. 
We will find that the O2 and CO2 which we associate with breathing ' 
are very much involved in converting the potential chemical energy 
of nutrients to a form that is useful in the body. \ 

V . . . -. 

There are good reasons to study the breakdown pf various nu- i 
trients. Most important:/ theise processes (1) link the digestive ' 
and respiratory systems f and (2) provide^us with the energy needed 
for life. The study of cell respiration will lead to an understand- 
ing of how the chemical reactions of the body release energy and how 
t:h$se reactions convert energy to a useful form. , Th^ subject is of 
genuine medical significance. Diabfetes/ hyperthyroidism and other 
disorders are all related to cell respiration. * f 
- - - • > • • ' 

To illustrate the importance of cell respiration to medicine^ 
we will consider a disorder fcharacterized by diarrhea. The problem 
has been traced to milk and milk products and^ as you might guess/ 
it is of special importance ir^ infants because of their diets. 
Analysis of the components of milk has revealed thi^t the substance ^ 
in milk that accounts for the gastrointestinal distress is lactose 
(milk sugar) . The disease is known as "lactose intolerance" and 
occurs more frequently among some ethnic groups^ such as black 
AmericlS|^l|/ than among others . 

In order to understand how undigested lactose dan lead to \ 
gastrointestinal problems we need to consider how this sugar is 

■ ■■■* ■ - ' ■ ■ ■ I 
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digested. Lactose is a disacchari^ae that is hydrolyzed to the 
monosaccharides glucose and galactose in the small intestyie* 

• ■ -f ■ lactase ■ 
lactose + H,0 — ■ — -*^glucose + galactose 

Note that "this metabolic step (i .e reliction) is catalyzed by the 
.enzyme lactase. Lactose itself cannot be absorbed into the body. • 

* But persons lacking this enzyme cannot break ],actose down into 
monosaccharides. When dairy products such a's milk are. eaten by 
such, persons, the undigested lactose serves as an extra food supply' 
for intestinal bacteria, which convert the lactose to organic acids. 
The result is a large increase in the bacterial population, which 

in turn causes excessive reabsoirption of water from the body into 
the intestinal trac^. Thus the stools are watery and acidic and " 
the individuals suffer from diarrhea. Once the condition is recogr^ 
nized as lactose intolerance, a low-lactose diet can be provided ' 
and the symptoms will disappear. Since lactose is found in milk,/ 

• -it is not easy to put infants on a low- Ipactose diet: It takes some 
planning for a dietician to provide a d|et low in lactose and yet; 

' adequate in other nutrients. 



25-2 h Metabolic Pathway 



I 

■/■' 



i^, what way is a metabolic .pathway like k road map? 




when biochemist^ discuss metabolism, they generally speak 
about liietkbolic pathways. A metaboli/c pathway is a series of reac- 
tions ^hat a biochemical sub^tafice undergoes. For example, a nutri- 
ent Q might react to form a compound R which, in turn, might be con-; 
verted to compound S and so on. Biochemists study these pathways 
to discover how they proceed and what they accomplish, Respiration 
(the product jfOn of energy from foods) is one of the most studied 
and mosti important pathways in metabolism. 

"Reading" a metaboliq pathway is like dbading a road. map. 
(See Figure 1, opposite.) A metabolic pathway takes us/ by chemical; 
reactiohd| from one chemical substance to another justms the map . 
shows us \ow to get from one city to another. Some cities are 
centers ftom which one can choose any one of several routes. Like- 
wise, som& substances such as compound S are hubs of metabolism— 
they c^ni'l^e changed, in different way'^. 

The irtetabolic pathway which we, will consider is the breakdown 
of glucosel to CO2, and H2O with the release of energy J But the meta- 
bolic procbss is 'not one step as suggested by Equation 1 below--it 
involves m^rty steps. > . , 

CgHj^2^g. + 6 O2 0 + 6 H^O + energy 

And the energy derived from. Ce/ll. respiration is transferred to a. 
compound abbreviated as ATP. /The prd^uction of ATP is of major ; 
importance in cellular "respiration. X . . •( 

150.. . \ ... ^ . . '.,(.; . 
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FIGURE 1: ' A.7/ Metabolia pathway . 

25-3 ATP-'Thja'tliufrehcy of Life 
What islhTP? How does it work?. 

■■■/», 

Ultimately evecy activity we perform — walkirig, digesting food, 
isle.eping, etc. , requires chemical energy contained in MP mdlecules. 
Consider tjie structures of ATP and the related compou^ ADP. (See 
Figure 2. ) , ■ •_ . ./ • 
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FIGURE 1: structures of ■ ATP and ADP . 



It is not necessary to memorize the structures of tl^ese com- 
pldbc molfeciilea in order to understand how they function, "but* we do 
nee<J to focus; pn the phbsphate groups (circlfed) . Not^ how nearly 
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identical the two compounds are. They differ oiily by one phosphate 
group. ADp is adenosine diphosphate and "di" means' two». while ATP 
is adenosine trip hosphate^nd "tri" means threer. ' this extra ; 

phosphite, group in ATP that is central to the whdle p^bcjees of cell 
respiration. A squiggly llTie {'\') is shown between the 'second 'and • 
third phosphate groups, of the ATP. This symbol is used to mean that, 
energy is. released- when ^he last phosphate group is broken off by , 

hydrplysis (Equation 2) . . V ~\ 

/ . ■ ■ ' ' \ ■ 

• . ' ATP + ADP + phosphate + energy \C2) 

• ; ■■ ■ ■ ■ ■ ■ - \ ■ 

This energy is the ".currency" we spend to perform many functions ot^ 
life such as building proteins - and' contracting muscles. °> 

The. ATP currency, is obtained from, the reverse reaction 
(Equation 3) . — • 



ADP + phosphate + *^nergy ATP ,+ (3) 



\ 



This reaction requires ADP ; phbsphate dons and^energy. Phosphate ' 
is obtaj^ned f rpm\ the diet ahd ADP." is- made from ingcjfedlents in the 1 
diet including airtj.no acids. ° ' 

v . The energy shown in Equation 3 comes from the metabc^lic break- 
down ofc nutrients'. That is why Wq "said^ that the goal of cell respira- 
tion i^' the production of. ATP. * 

' ■ * . ' 

25-4 Glycolysis — a Metabolic Process \ 

What happens during the ea-rly stages of respiration? . 

The early stages of cell respiration involve a series of reac- 
tions in which glucose is quickX-y changed to a sedond compound (glucose 
phosphate), which in turn is rapidly converted to another compound 
'and* so on. In some of -these reactions, sm^ll amounts of energy are 
released and; transferred to^ATP. One advantage to a process, of 
energy release in small steps "rather than one big one is that, if ^ 
all of the energy of glucose or other nutrients were released at. ^ 

once, our cells might be damaged. 

■«#■•■ ' < ■ . _ ■ . ■ 

The early steps of cell respiration are known as glycolysis 
(literally "sugar splitting") and include all the. step^ ill the con- 
version of glucose to a compound called pyruvic acid. The glycolysis 
pathway is shown in an abbreviated form in Figure 3, opposite. It 
Ms not essential to memorize the details of this shortened pathway^. 
What is important to learn is how ATP is |!)roduced, for ATP is the 
energy currency of the body. . • . r 

Figure 3 needs to be digested' (excuse the pun) piece by piece— ' 
it contains a lot of information. Begin with glucose. ^.According 
to the- figure,, glucose is^ converted to another 6 -carbon compound 
which is converted to still aether 6-carboi^ .compound. In the next - 
s.tep^. that 6-carbo.n . compound .Jb split into , two halves and the ... 



V 

V 



v.. 




Two 3-carborr 
compounds 




6-carboh ... 
compouhd 



/usps up i ATP ±K. ( 



Two 3-carbon 
coihpoiinds . 



^^^^ . *' 



f energy consumed) ' Cenergy released^ 





Two 3-carl?on 
compoundT^ 



(energy consumed) 



. ^ GMJCOSE 
6- carbon .backbone 








p" 

Two 3-carbon 
compoundte " 




(energy released} 


\ produces 




TWO PYRUVIC ACIDS 

(3-carbon compound) 
i — — — -^^^ 



2 ATP's 




FIGURE 3: Metai>&Iism of glucose — glycolysis. 



3-c'arbon products are Gonvej?ted step-by-step to pyruvic -acid. -So . 
much for the metabolic pathway. Of more importance is the relation- 
ship of glyc61ysis to ATP production. . Figure 3 shows that in the » 
very first step/ ATP is used up. This is a simple way of stating j\h 
that the change ii^ glucose is accompanied by the hydrolysis of ATP / 
to 'ADP (Equation 2) . ^ Now, you might raise an objecitiori here--we. - . 
seem to be losing an^^AT^ in this step, and the fungtion of this 
.process is to gain ATP'if in cell respiration. If you raised. this 
objebtioh, you made^a good point. But it is inecessAry to consider 
the entire glycolysis scheme to determine whether there is an over- 
all gain of ATP. Rdvipw the entire pathway in Figure 3 and see if 
^t>u can convince yourself that there is a net g^in of 2 ATP's. 
lycolysis* may be summarized in ^^ingle" equation.^ ' . « 



glucose + 2 ADP 2 phosphate 2 pyruvic acid + 2 ATP 
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• 25-5 T^e Rest- of Ce ll Respiy^atipt^ ^^^ 

: How do we gain additional ATP' tn^^^^^^ -'t'i ' ' -v. '^'^ . ' 

Equation 4 indicates that glUGgse;.; !^^ 
conve«rted>to ypy ruvic acid (a . 3-carbbTi "cormpourtci) . ^ Sect iori^ * t ' i 

2,5-2 and elsewhere .we have stated that * 
.'bfeaJcdown of glucose yields CO2 (Equatipn/l)^.^^^^ 

jc4.1e these two? differehjt statements? - ''t " ; "^''k 

^ In further stages of cell respiration \t he pyruvic acid formed 

. produces more ATP.' '*The metabojLic process is complex^ but the *d^ails 
, are not critical to the 3 t9ry. We can outline the results (which are 
critical to; the story) very briefly^ 1 " 

^ 'Z ' ■ ■ • * ■ ■ ■ . • ■ . . .'[,:'' ■ 

1.* Each T^yruyic acid molecule also forms 3 C62 moleculGLS. , 
(This fs„ oJ^curring in enbarmqus number of cells and explains the 
. /G02 ot'me^' as. an'^ ert^^ from glucose, and why; we exhale more 

dOo t^'an we iffthale/) \ . ^ " 

I'- otf- ^. ■ . ; . • .... ^ ..... - 

"^pyr^uvic acid &^ ^-cairbpn compound + Cp2 + >^nergy 



;■■> 




A 
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2^carbon compound 

/'2v- During cell respiration, c energy is transferred to 

a. vdttpft^; of compounds some of which are new to, this discussion. : 
' compounds provide energy directly ft)r prpduction of 

ATP but Qnly if oxygen is" presishV, ^ Actually much of the ATP pf Q-^. ' 
. duced in ,cell respiration is obta^ined in this Wciy, (This ^explairis 
"why oxygen is nisedjsd in cell xespiratiori ahd^^^^^ have to inhale 

roxygeji to survive.) This p^rocesSfHs explainied schematically^ 

compound t. 0.^ -^^ new compound + . H^O^ + j^nergyj 
/ ■ .. . , „. ' ' AdP + phosphate + ^ij^iergyy > ATP + 

' /. 3. As a result of the complete oxidatibn of a'^'hioXe of glucdse 
to C02"and H2O, 36 moles^ of ATP at-e obtained. EachrOjole. of ATP 
accounts fjor about 10 Cal (nutritionist' s calories) so the. total 
bnergy. in j^ll the ATP produced is ' :•, "'\ • * 

■ • ' - Oft" ■ . ■ ^ ' ' ' ■ : ■, ■ ■ . ' . • *•. ■ 

#ift However , if a 'mole of glucosie is burned' in a calorimi^ter , 
673 dBl can be released as 'heat. ' So only about half of this energy * 

v-^dn be acGOttnted 'fbr by the ATPV Does' this mean that the Law of 
Conservation of Energy ia bjgoken by livirigVprganisittsI*: *- The answer , • . 

; is a f^SQy)idin$'^;%0.^" 

V'eijergy of glucose- isr cphyer ted to heat and 'this heat, erie'rgy keeps 
{ tis wajCm, During most ^sf our lives our intet^al temperature must b© 
^ Jcep.t . higher: ^:han the 



.* 



^4' iv'-'S;/ lMit;hib^ s*fec,tion; we hkve intro'duced some complex metabolic 

all life and" all the processes 
* "*S?"'Of -^i&e ■ riq.y^ire-' enercry . in fact, one, of the chief functions of food 
''-^^ji^ torJirovide energy. We * have seen how glucose, a' carbohydrate, is, 
Stpkerr-down to smalleir pieces through a- ser^^ of metabolic steps. 
.^^ In' this process energy is transferred from the glucose moleculefe- to 
.■ ATP' molecules. The ATP molecules can be hydrdlyzed as needed by the 
. body to perform .various functions." For example, hydrolysis of ATP- 
• can provide the* eriergly needed for synthesis of. proteins. Also, 

hydrolysis can supply the energy needed to reorganize the proteins 
»■ in muscle tissue causing a muscle to contract. In the next section 
we will consider how other nutrients and enzymes fit into cellular 
respiration. 

■ " . ■ . ' • • . ■ " _ . .vo ■ • ■ . 

. . .. • • ■ . I . 

What ark two ways define "respiration?" ' 
How isr a metabolkic jp^thvay analogous to a road map? . , 

What' is the main chemical form in waich the energy in glucose is r 

. ^ captured during cellular respiration? - • . 

> ■ ' . . .- . 

What is accomplished by glycolysis? . By cell respiration? 

How do ADP and AfP^^differ? How Xs this difference relate^ to the 
importance of ATP? I . 

. / What is an advanta<^e of a step-bystep breakdown .of glucose? 

. Explain how energy is conserved In cell respiration. • . 

■■ * ' . ' . . 

Vocabula-ry ; 

adenosine diphosphate • (ah7D^h f «-seen) — ADP , a substance that may 

be converted to ' adenosllSigS^iphosphate (ATP) , thereby storing 
chemical energy. ♦ 

' ■ ■ ''Si' 
.. adenosine triphosphate -- A?P , a compbund that releases energy for 
~' biological processes; * the "energy currency" of life-. 

.. glycolysis (qly-COL-uh-sis ) — the breakdown of glucose to pyruvic 
acid with release of energy. V 

V; metabolic pa^hway ^-a series of related chemical reactions that. occur 
.in living organisms. 
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SECTION 26 :. . ..FACTORS RELATED TO CELL RESPIRATION 
26-1 The Metabolism of Fats and Proteingy 

— : — r— ^ ■ — ' [ — 7^ ■• ' 

• . . ■■ , . • ■ y' ' ■ ■ ' 

V How 4o fats and proteins fit into the. scheme of cell respiration? 

. ■ '■ ■ ■' ■ . . ^- ■■ ■ ■ ■ / ■'■ . 

In Section 25, the metaboliq4)reakdown of " glucose was de-^ I • 
scribed and the relation of th^ process to energy, production within 
cells was stressed. But the;^ is more to. metabolism than metabolic 
steps. In this section we .will cbii^ider the stage on ' which met ab- 
olismv occurs and some of the performers not yet discussed. The 
stage is the cell; almost any k)Lnd of cell will do. The performers 
include enzymes and. other nutrients besides sugars (Figure 1) . * . 




pyruvic 
acid 



, enzyme 



amino 
acid 



FIGURE 1: Som^Lpf the performers ..iri the metabolic drama. 




In earlier sections as well as in Biomedical Matheina1;ics, it 
hag been stressed that not only carbohydrates, but also fats and . 
proteins are energy sources. So far we have shown only how glucos^ 
can release energy to make ^TP. The ^relationship of glucosd to 
\^ATP is depicted in Figure; 2, opposite. The- pathways of metabolism , 
,-that: l?ave been discussed 'feo far ard! shown within the rectangle. 
But, cell re spirit iop is by no means limited to glucose as a source 
of energy- for the production of ATP. The. relationship of other . 



1S6 



celXular nutrients to ATP is also shown in Figure 2 (outiM-de the 
rectangle). Various carbohydratfisirf the cell can be converted to 
glucose and then broken down to release energy by the .metabolic 
processes we have been discussir^g, / 




proteins 



amino acids 





.fats 



GLUCOSE 
(6-carbon sugar) 




ATP J 



PYRUVIC ACID 
(3-carbon compound) 



2-carbon compound + GO^ 




ATP, 



CO, 




^'glycerol + fatty acids^ 




FIGURE 2:. Cell respiration.. 



^ Fats can also be oxidized by the cell for ATP production. In 
%act this is the objective of dieters trying to lose weight. By \^ ' 
^oxidizing fat from storage tissues' throughout the body excess weigh t\^ 
is lost. Fats enter the metaboHc pathways at two different stages ^ 
of respiration as indicated in the figure. In the cell, fats are 
broken down into glycerol and fatty acids. The glycerol is con- . 
verted to a 3-carblh compound that is convetted to pyruvic acid. 
The^f atty| ^cids form 2-carbon -compounds which can be broken do\jh 
providing] the energy deeded to form ATP. Proteins' within the cell 
cah also te used as an energy sourcfe. When this happens, th@ 
amino acide produced By hydrolysis of proteins fit into the meta- ^ 
bolic scheme as sl^own in Figure 2. . * 
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26-2 . Enzymes I G6ne^ and Metabolism . • ' 

'■ I ' • " ( . 
"How are.en^yme^ and genes related to cell respiration? , 

If you were .to set a cube of sugar on a table and expose the 
sugar to oxygen (air) , you wou^ have to^wait a long time, perhaps 
centuries, for the sugar to be changed to CO2 and H2O. Even if 
you dissol^^ed the sugar in water, glycolysis would still proceed 
very slowly' as long as\ bacteria were kept out of the solution. If 
some bacteria happened 'to land in tjie sug^r solution, th6x breakdown 
of sugar would be much niore rapid. This is because the babteria 
woMldl introduce enzymes into the solution. For each metabolic^ step 
in respiration, a specific enzyme\4|,, n«eded. Without these emsypies, 
the reactions of metabolism w0ul4^|^(?^fe|^^^ to maintaxn 

life-. • ■■ ■• - .'''^^^^^^^-i:--^^^^ i ■ ■■ ■■ . 

There is an impQrta'Ht relat3feff'betwei^iii|^$.# 
Just as we inherit eye color and hair form/(i.e., curly or wavy or 
straight hair) from our parents , we are born with the capacity to 
synthesize a vast number of different kinds of enzymes. You may 
already be aware that the units of inheritance are called gehes . 
You will study g^nes in a later unit, but at this stage, it is 
important to note that there is a specific gene that controls the 
production of/each enzyme." 

The importance of the gene-enzyme relationship becomes evident •. 
in metabolic disorders such as cretinism . In the past, people born 

with^thi^ disease? were mentally and physically retarded: ' In addi- 

tion,' t;,hey developed a form of goiter, a disease mentioned in 
Sectioh 19. The presence of goiter provides the clue that cretin- 
ism has something to do with an iodine deficiency. In fact, people 
affected with cretinism haye goiters because they cannot produce 
thyroxin, a hormone that contains iodine atoms. The cannot produce 
this substance because they lack a particular enzyme which catalyzes 
' the synthesis of thyroxin. And they cannot make this enzyme because 
they are bom without a specif ic gene . (Figure 3). ^ 

missing gena- 

- • - -I - ■ ■: ■ ■ -■ ^ 

inability to make an enzyme 
failure to make thyroxin : 

/ '. : . ' .■ ■ ■\ j ■■■■■ . .. ■ ■ 

'/ 1 cretinism ■ 

•• ■/.•.■. •■}:•' • ■ . . ■ .■ • ' ■ ■ . '. ■ ' 

■ / * • . • . ... 

; i.' . ^ . ■ . 

/ FIGURE 3; •' Relationship of a gene, an enzynfe anpT a metabolic disorder. 



Now, as* a result of studies in genetics and bioch«nistry, indi- 
viduals with cretinism can be detected early a^d provided with 
.thyroid hormones which perm^^t them to gjrow and develop normally. 



26-3 The Link Between Vitamins and Metabolism 

V • • ■ . ' ■ ■ ■ ■ ■ ■ ■ • ■ ■ . ■• . ■ ■ ■"• ■ ■ 

\; What do vitamins have to 'do with cell respiration? .1 

■ x ;■ ■« ,.. . ■ ; ; . : ■ ■ ^ • . . . ■ ■ ■ ■ 

For many years it has been known that vitamin deficiencies 
can leaa vto diseases such as beriberi and scurvy* But biochemists 
have not fefeen satisfied with this level of explanation of why vitar 
mins are in^orta'nt. They wanted to know how ^tamins function in 
the body. As\a i^esult of biochemipal research, several vitamins 
have recently been found to have : a direct .relation to cell tespira- 
tion. Let's takfe one specific exampX^. In Section 25, we pointed 
out that, the pyruvic acid- formed in glycolysis can be further broken 
down to release energy. In the first step of the breakdown Of pyru- 
vic acid, a two-carbon bompound is formed (Figtire 2) . For this Step 
to occur, not only is an 'enzyme neede,d, but a^lso four other Substan- 
ces--thiamin, niacin, lipQic acid, pantothenic acid. Each of these 
substances is a B-comp^ex vitamin. These compounds help an enzyme 
to catalyzd a metabolic^ Step. Other vitamins are also required in 
cell resp'iration.. .' ■ ' ■'■ '\^ j . 

26-4 Cell Structure and ^4etabolisfa . 

How is the . internal structure of the cell adapt^ed for cell respiration? 

At this point in our explanation we have discussed numerous 
molecules and enzymes. Bu^ an annoying qjuestiori remains. How do 
all Clothes e different mole|:ule5 an<3'enzyAnes react properly? 

The answer to this question was not apparent to scientists 
until the electron microscope was a^)pli(ed to the study of cells^ 
Figure 4, on^ the following page, compares the appearance of liver 
cells: as se'en with an ordinary microscope and with' an electron , 
microscope. The electron mic^roscope reveals a whole new world 
within a cell. Inside a celly there are| many compartments and 
tiny structures of different Shapes called organelles (literally 
small organs). Organelles ar^ specializfed, performing particular 
functions. Highly organized structures like these help to ensure 
rapid metabolism. Some of these structures are indicated in 
Figure 4B. Chemicals being metabolized ^i^e moved from one organelle 
to another. When needed, the enzymes ma 4© in one part of the cell 
move to the organelle where cell jrespiration occurs. After ATP is 
produced, it is released for us^ within the cell. By organizing 
the tasks of metabolisin, the^ prowess becomes more efficient. The 
microscopic structure of the* cell is seen to be a valuable 
adaptation . ■ , 
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How can fats and proteins be usedj/ks energy sources? 

*- Why are enzymes needed for m^t^bolic paiihways? :^ 

.1 How are genes involved in itieta^Xism? ^^ y 

What are ^ome othdc svhstance^s required for dell respiriation besides 
genes, enzymes, fats and proteins^ What do they d^p? 

•• ■ ■ » ■ ■ ■ - . t ' 

Wh^t does the electron microscope, reveal about the nature of a cell? \ 
Hoj do prganeiXes contribute lio efficiency in metabolic processes? 
Vbcabylary : . > » 

cretinism (KREE^tim^izm) ^■^an inherited condition characterized tjy 
mental and: physical retardation when untreated.- 

■ ' ■ . ■■ • ■■ •:■ . ■ ./■ 

gene — thi| unit of inheritance. 

.organelle (OR-guh-NEL) —a structure within, a^ cell that performs one 
or more specific functions. 



SECTION 27 1 CHEMICAL EQUILIBRIUM if: , | . 

27-1 What is Meant by an Equilibrium? \ W' 

■ .■ ■ • . ■ 1 • . .. 

In Sections 25 and 26, we have seen that several of the nutri- 
ents in food are broken down through metabolic pathways (cellular 
respiration). The most important points stressed were that \ 

(A) energy is released from nutrients by chemical react^ions, 

(B) some of this energy is transferred to ATP and (C) ATP may be ■ 
viewed as the currency of life because when it is converted back 

to ADP, energy is released for biological processes^. This is all 
summarized in Figure 1 r on the following page. 

Figure 1 indicate^ the importance of ATP. ATP m^^y also sfeem 
a little mysterious because we have not yet explained how the energy^ 
in ATP is used by the body First we need to consifler a basic 
physical pi^inciple called Iquilibrium. \/ \ 



One example of equilibrium is the state of Al object thkt Is 
motionless, such as a sacJc of potatoes resting ^n the kitchen floor. 
This is,, an example of static eguilibriwn . 

J Chapical equilibirum , however, is different. It occurs when 
two oppjisite reactions are taking place at the same rate . The effect 
of one reaction balances the effect o€ tfte opposite reaction. (The 
term "equilibrium" , comes .from the Latin words "equi" meaning "equal," 
and "libra^ meaning "balance."! Such a pt^ceas is a dynamic one, , 
and the net effecJt is a (ynamil equilibrium . 



.' • * < 



■ I 



(A) compoupd X -»■ compound^ + £en£rgj^ 
(B) : ADP + phosphate + /?n2rg^ ATP + H^G^ 



(C) ATP = 




>movement 



^lifting things 



FIGURE 



tjiere is excess ca 
But chemical chang 
Ca^04 kre dissolyi 



synthesis of. proteins , 
1: Some key .points of ' Sections and 26, 

consider a-beaker containing a saturated solution 
sulfate— better known as "plaster of Paris") . A , 
is one in_which the solvent (water) contains as 



For example , 
•of CaS04 (calcium 
saturated sAlutionl 

much of the 'dissolved solute (calcium sulfate) as it can hold. If 



Icium sulfate, it will precipitate out of solytion 
es are still going on. Some of the molecules of 
ng into the solution; some of the molecules in 



,the sol lit, ion are pbrecipitatij'ng out (Figure 2). 



The Dissolving Process 



The Preoi pi tat ion Prdces s 





iflGURE ^: . Two, simultaneous processes in a saturated solution. , 

■ * \ ■ . . • ■ ■ * . ■ 

' When these two ef fee ts.^xacAy counteract^ each other — that is, 
whfen they occur at thflL same\rate — then we have equilibrium. The 
processes (dissolving are balanced. The solution 
jmaih^ saturate^, and there^is no net change in the concentration 
" the solution. \ ^ 



) 



1 

Anotiher example of th^.'s kind of' equilibrium is shown in 
Figure- 3. Here, we have a^ box containing a partition^ with a hole 
in iti (Sas molecules are zipping ajiiout in random motion on both 
sides of the partition. i j • ♦ 



A. 




^ I. ^ 



^partition 
^gas molecules 



Bi 



non-equilibrium 



. \ — ^ 




• . • * • t T 
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' ' • * 
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■* • ^ ^^^^ 

• ' • ' ^^^^ 



I 



equilibrium 

\ FIGURE .3 

A. ' A non-^equilibriyim situation, 

B. ' An equilibrium situation. 




opposite direction. This is a, non-equilibrium condition , whiG|h wW 
symbolize with the unequal arrows bdlow the box. ;.' 

The molecules will continue this jiiequal flow until there are 
as many on the right side of the partition as on the left (Figure 3B) 

Now we have equilibrium, as symbolized by the equal arrows 
below. the box. The molecules have not stopped flowing between the 
two sides of the bo:x, but tl^ey are f lowmg at the same rate in each 
direction— in other words, the equilibrium is dynamic. 

^ ■ ' ■ , . ^ , ■ •• .• . . - 
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• 2.7-2' RQveys'ible Reaction^ and tHe Pogition^ of anj ^quilibrium 
; '!lj&iat is happening at equilibrium in a Jeveirsible reaction? 



T'-t 



Yolj may recall that many chemical reactibns 



may go in either 



dir^ct^ion — ^^thGy^are treversible. Consider the following reaction. 



/=°2 . 
carbon - 
dioxide 



carbonic 
acid. 



Note that the arrows point iii both directioiis as ~i»^Figure 3. 
In l^pth cases, we can describe ttm processes in tierms of an equili- 
brium. If w6 mix CO2 and JJ^O, H2CO3 will form. |as product Wle- 
cules form, some of the H2CO.3 molecules will break down to for^n CO2 
and^H20* Eventually the H2CO3 will dissociate to, CO 2 and H20\at 
the .same rate as the two rjeactants come together to form H2C03*\ 
when this happens, we havs a dynamic equilibrium.- HOWEVER,, THIS 
DOES NOT MEAN'THAT AT EQUILIBRIUM THERE WILL BE AN EQUAIi NUMBER OF 
RfiACTANT AND PRODUCT MOLECULES. At equilibrium, we could Have 
many moire reactant molecules than product molecules or vice "versa. 

The re^fctibns that we have been considering in the Nutrition 
Unit are reyersible. Some examples of familiar reversible reactions 
are shown in the table below. 





REACTIiQN '' ^ ^ • 


AT EQUILIBRlUMr Mostly 
• 


1* 


ATP + H^O^^=ATyp phosphate 


products i 




ADP + phosphate ^Jiii' ATP + 


reactants ^ 

1 


3 


lactose + H O^:^ glucose + galactosrii 


" "products 


4 


starch + H20;:^z±glucose 


■ . . ' y V — — ■ 

products 




fats + H^O^^fatty acids + glycerol ^ 


p products 


. 6 


_ t \ . 

"^amino acidj^ + amino acid^ iiij::^ peptide + 


reactahts^ ■ 


.'•■.•7 ' 


- ' • ■ ■ ■ • ' 
glucose + fructose ^i±:sucrosd + HO 


" . . - 
reactants 
-* 1 --r — '-^ 
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Note that in some eqi^ilibr^ia^ere elre mostly products ,"^while. , 
in others the re( a"re mostly reao'tantp. Careful study of the table 
suggests a useful generalization: hydrolysis reactions favor the 
^ products while dehydration ffynthesi^ favors the reactanta. The pro^ 
portion of products to reactants determines the "position" of ,anV 
equilibrium. The position of equilibria in the. chemical reactions 
OrHjhe cell is of more, than passijng interest. Dehydration synthe-. 
feis^ ijeaQtions such as production, of -peptides", proteins and glycogen 
are key reactions in life. Our cells are constantly making these" 
compounds. How ^ then can we survive when sucji reactions form very 
■ little.. . product? ' ■ .■ .- . / 

Enzymes are hot the sdlut ion to this problem. Although erlzyraes 
and. other catalysts may speed a reaction greatly, catalyzed reactions 
. can go no further than this equilibrium positio/. (This is because 
the enzyme increases the speed of reactions inf jDOth directions.) '° . 

The problem of unfavorable equilibrium positions is solved in 
the cell by shifting the positioh o? the equilibrium. How this is° 
accomplished is the subject of Sectipn 28. It may not surprise you * 
to learn that Al^P is involved in . determining the positions of many ^ 
important equilibria... * . 

Give some examples of equilibria.! Are they "static" or "dynamic?" 

^ • .'• • - -r -. -■ ■■■ ■■■ : ' : . ^ f ■ 

^ Describe what is happening to the molecules when a chemical xeadtion has^ 
. reached equilibrium. ^ r 

Write the equation foj\ the hydrolysis of ATP. Compare the situation ats 
the reaction begins and at equilibrium. Does the equilibrium fsi^or the reactants 
or products? Can the equilibrium position be shifted by the presence, of an enzyme? 

^ * ■ ■ '■ * ■ , 

Vocabulary: v . . . - 

• ~~ ■ ■. ■ " ■ - ■ ■ ). ■ ' ■ ■ 

chemical equilibrium — the siliuation in which the forward and reverse 
proeeSs^ of a chemical reaction are- occurring at feqijfal rates . 
(i.e., when reactants are changing to products as rapidly as 
the products are changing back to jreactants ) * 
^ . ■ ■ - . • 

dynamic equi 1 ibr ium ; — ^an equilibrium in which opposing processes have. 



I, ^ 



I equal but opposite ^effects, that overall there is no net 
clrange. 



\ precipitate (pr^e-SIP-ih-tate) — to come out of solution, as a solid. 

— ■ ■ 

'saturated j'SATCHruh-RALY-tid) - -said of a •solution, in/ which the solvent 
' contains as much/ dissolved 'solute, as it can hold. 

static equilibrium — "an equilibrium in which nQ, changes are occurring. 
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SECTION 28: SHIFTING TPE POSITION OF AN eIqUILIBRIUM 
28-i ATPt 'yfergy and the Position of an Eguilibriuny ^ 

How does A5^p increase the quanti ty of produces of a reaGtiori? 



In Section 27 'we pbinted out , that in many processes) such 
as the forftiation of peptides froin^ amino acids, very, rittlf product, 
should be expected at equilibrium. : ♦ i ^ 

-^mijao acid^ 4 amino^^aci4 gV-^ peptide. + HjO 

•Likewise in some of* the -reactions of celT respiration, the equilibria 
favor the reactants. . These situations suggest a real challenge 
to survival — for Hf amino; acids did not readily form peptides, • 
we would not bfe able to m&ke sufficient proteins to survive. In * 
order for. peptides and proteins to bq made in sufficient quantity,'* 
the position of eqtiilibrium has fo be shifted^.to increase the prD~ 
portion of" products to reactants/.- I * « 

" V TG[ understand hbW an equilibrium is! ^JpFfced , we ne^ed to know 
.what' dete^iDines - the position of/ an equilibrium^ ^ The determining 
■ fnf^R nut to be something we havel been discussirtg-^ energy . 

T,^fe!^b6):gy to which we "are referring is related to' AH„, the heat 
oip^eliction. In general/ exot/hermic rea(}:tions tend* to favor the 
•products while endothermic reactions tena to favor the reactants. 
ATP- hydrolysis is exothermic Sd, at eqailibrium, there '"is mostly 
product and little remaining ATP. (See Figure 1.) ^ V 




ADP + phosphate 




FIGURE"' 1: ; Equilibrium favoring products. 



ATP + H^O^^z^ADP* -f- phosphsite^^ (^energi 



On the other h^d synthesis of a peptide from 

two amino acids (^a^ and aa2) is endothermic and the equilibrium 
favors/the reactants. (Se^ Figjire 2 on the following page- ) ' 



V 
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FIGURE 2 : Equilihrim favoring reactants. 



, energy) -t- aa. + aa. 



^peptide + 



:S The reverse of any endothermic reactioij is' an exothermic reac- 
tion. For examnle, the hydr:plysis of a peptide to produce aminos 
acids is exothemic. Thus the general, tendency may also be stated 
that a reaction tends to proceed in the direction' in which energy 
is released. - / ' , . ' 



Thi dehydration synthesis .of peptides f;-om, ami 
[liG'and would not prbduce 'much product 'if this 



amino acids is endo':;: 
thermic 'and would not prbduce 'much product it this reaction cbuld 
not be combined >^ith anv exothermic reaction; The exothermic reac- 
tion is the hydrolysis of ATP. ^ 



In the presence of the proper ' enSiymes , ATP reacts with one of 
the amino acids to for^ an in'termediate "confound; this compound ' then 
reacts with the other amino acid to form a .peptide, while the ATP is 
converted to ADP, The net result of |these reactions is 

* ^mino acid^^ + amino^acid2 + ATP55=^ peptide +,.AqP. + ph 



4. 



The overall reaction is' exothermic , so equilibrium t.s shifted toward 
. the products (Figure 3)'. ' 




+ aa^ ^ 
ATP 




i ■ 




peptide +■ ADP + 
phosphate 



■ t 




4 r "'.PIGpRE 3: EquiXtbjclum shifted to favor product$\ 

. AtIp pla^s a siJflilar role in facilitating many endothermic bio- 
logical processes. In Addition, . the body has other way? to. shift 
an ,e^uilibripn. 

t • 
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' ' ■ . .. . \ ■ 

«\ .^>■ -*' ... ; ;■■ . , 



- , : • r - ■ •' 2 Q^2, Ae ChateXier's Principle 



' ^"^-'What ^devices othex than ATP are used by ^the body to (j^aMdt^t€( end(^^ 
\ th^j^tjnc reavtiom? ' - ^ \ . ' ■ ."•-^ , / ^■ "^^ ■ 



> respiration^, as we saw,^ involves ^a; seq.vi^n^ 

-"^eadtions. - ' ' ■ ■ > ■ 

(, : • , j^.^*-. \ glucose ::^==±:coinpound Q-^^ ^ ; ^ ^ 

■ ' compound Q ^zz^compound: R 

/' compound R—zr compound S 

♦ ; compound S—z±:pyruvic acid ^ . ^ . • " 

If one of thes6 reactions formed littl% product, ,d,t would interfere 
•with the . release of *erlergy from foqds. For example , suppose that : ' 
/.the conversion ot" compound Q. to compound R has an" equilibrium fa-: y 
voring tihe r^actahtt. In this case, very little compound. R would; 
form and, in, turn, very lifetle. compound S and ^yrumc acid would be 
made. This result w<buld bQ '^disastrous — it would mean that , very ' .^^ 
little of the. energy of nutrients could be made available to us. 

•Fortunately, however,, whSt would oappeiSr to be a 'bottleneck, 
such as an unfavorable equilibrium between Q and R, does not prevent 
♦ cells from 'obtaining energy f rom^ grucose". The reason involves a 
principle first stated 'by Le CHate.IiA,^^ French scientist, in 1888. 
According to Le. Chatel'iey s principle , if a change 19 made in some 
variable that-affeets a reaqtiori, the reaction will shift in such 
( a way as t^o .tend to compensate for the change. In other words, 
. changing the concentration, of a reactant or a product upsets the 

equilibrium — a reactioji occurs until equilibrium^ is again attained. 
• For example , if* more -reacfeants are added, then the reaction will 
. * shift to dec re^e ' the amount, of reactants by producing more product^ . 
. -"^I^mi-larly, if a .product,. is removed from a reaction, then the reac-^ 
" tion will shift so. that-Jnore product will- be formed.. <> 
■ . ■ . ' ■ ■ ' — ■ ■■■ ■ ■ 

Wh€n-.compojand'"Q;:'fpxms coinpqund R du^ring cell respiratio^i, rao^t 
■ .of compound *>R inmiedlati^Li^;ire acts :t^ compound S. That*»is, R is 

continuall-i^being! removed, ■■-At equilibrium^,' there is aNcertain pro- 
M , • portion of R to, Q. ' A^^i'&ng'aa R is .removed^, Q continues to react ^ 
. in ai^" e£ibrt"!i?o* est abl±^^^ As a iresult essentially all 

|! 'Q reacts. Thus a reactio^^^^ equilibrium does not 

hinder .the process^ of fce^-Xespirat<Lon«, - / , # 

* How does Le Chatelier's prihciple apply to actual reactions in 
■ 4. .' the peil? In .on©" of -jthe first reactions -of glycolysis r glucose 
\ •,. phosplipte- is changed '^o fructose phosphate. If this reaction oc- 
curred in a tesifcv ti±)e, very lit:tle fructose phosphate wpuld form. 



; /«■-" 
• / 
/ • ■ 
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gljacose phosphate fructose phosphate 



♦ ■ •'*'*".• 



Coiiseigueiitlyr' you might expect that this reaction woul'd^' LSmit 
ceir resj^lration. However /, in the 'body the fructose phosphate tha'fc ' 
fortos is' (JUickl coliveir.ted 'to another compound in another metabolic - 
reaction. ' phosphate is reraoyed. So 
cflu<^.^^ phofe^^|>K^^^ continues to make moire r fructose pi^osphate in .an . • 
/^ffortvto r^feBl^^blf^ The more frubtose phosphate., 

rfiiide; the *mor© 'is '^riemove'd' through 'metaljolism;. Thus this , reaction 
never become^] the s:t,umbling block in. cell respiration that- we might 
ave pr^dictedi Tll^is i^J.^ Very; commoi^- device.^o,r^rsl^rf ting equilib- 
'a inj m^tabp i-iaiji , ■ . -f ■ ' ' ' . 

i- AS another example of At^he; 4,^^^^ of Le Chatelier ' s princi'- ' 

ple\to chemicai;« egpfilfcjlprium ttfat beverages, are carbonated .. • 

by ttje reyergib:|:effi?:eaCT^on ■ 





CG 2 .+ H 2© :^li^O ^. 



The bevli^rage is iDottled witljt a. high ^partial pressure 6f C02,rWhich 
is in equilibriuJTi w^-f^h the H2CO3 In the beverage. When the bottle; 
■is opened, GO'2 [escapes into th6 air. The p^rtial?\pressure of 00*2 1.;:; 
'thus decreases;,, to reestat>lish eguilibtium, mo^e H2CO3 dissociates:,' 
.tO; H.2Q ; and CO^ Eventualiy equilibrium is reached kgain, blit l^ss 
H2CO 3 Remains, in " t.he li^quid. '' . , • ?; • " 

■ "Chemists have iiiy(estiga:ted equilibria for ^^O^ 100 years. .They 
havev- discovered seyer^i^;.^,ayig" to ;i3hift an! equililjr ium so ijltat they ; 
can obtaip more products. The "devices;-^ used involve, manipulation^, 
■of pressure r teinripgira,tMre and\the concentratidn^ of the molecules 
■participating in l-!]t:eact'io.n. The,. human i.being is not adapted 1ft)„'' "^v.. 
cl^ange internal ^ pressure jor ^isemperia-t'ure g-ignif icantly'-'-iri^ f act , 
"are" very limited In the range of « such -changes we can tdlerat'e"*. In^.>, ^ 
ste^d, biir- technique to.^impfb■ye.,'th6^..^iel4; a reaction is^^gener■^Ily 
tp modify the""6qncentraitlbfi6 of .-the p?;Qducts (or: tg, add VA^TP , as di/is^ 
cussed arbover-).,.- ■ ■ ^-^ ' Z. ■ <k ' . C 

28-3 How Caa^We Desc^Hi7e--^j:.fee;Po"^itto_ of van EcfuiliBr'ium'^ . . 'x.^. \ 

4I It is helpful to" have a^ nume'ficai .W^^ th^ •eqUilib-.:. 

_r,ium positibn. F'br^jseactions ih^^ e^uatioii shovs ';: 

"only one. molecule of eaeh"- re^otant and- j^^^ cHa^istS^-hav^^^^^ 

. that at any given tem^e^rature at e<^^'3il-i^r^^ the °\„ 

concentrations of the- subs t'anq.ea. formed' ih' a^ reaeti^^^^^^ ^Y,.^ 

the product of th6 qoncentrations dfythfe^^r a :CQ n s tian^.^V__^ 

Kgq. .For e3<;ample, ^or any.reiaction qf;t%v^^^^^^ +-'©.;^==^-e, +^'D^^ • \ 



K - [ ^j [ ft] / [ ] means eon^sentraf ion 'Uhvmoies per^ 
eq [AJ .[BJ : ■ ... ' -..-^ ' . . . -v; 



If a sub'stajice A, is Converted "'lio^.a' subsMhce /i^^^^ a^ the ;: 

conversion of ^lucos.e' phosphate to fructose, phosphate, the equ.ation ;■ 

is simply' A^±±:b' ' ■ ■•> ' ' ' ; 

. ' ■ ' • : " ., ' eq. [A] . . . .. 



I 



1| The l^e-of eq uiUbrium constant , Rgg, villi: becootoe more ap- 
'V piarent if \e ..apgly ii^J:' to ^ few metabo'llc . reactions . 

EXA MgLE g ; . ,: ' !:L ■ ^ 

- ' t. . . - ; ■■■■ ■ ^ ■ 

in one, of the reactions of .glycolysis glu^ 
• . CQJiver^d'a to fructose phosphate.: At equilibrium, the ratio of the .• 
• c,oncen-t|ratioji of glucose phosphate to that of fructose phosphate 
^ is 7|3j, What is. Kgg^^^ V .» 

♦ SOLUTION ; ■ ' . 

» ■ ■ ■ . ■ 1 . . ' ** ■ • . . ■ . ■ ' ' ■ ■ •>' 

' ' > gliicos^ phosphate* fructose phosphate 

- . v.- -K [frt^ictose phosphate] _ ^ ^ 0,43 

• . » . eq . [glucoise phosphate] T * • . 

Reactions lijce this one in^which K^g < r ten(J to be endothfermic 
ones. The equilibrium constant is thus another way. of expressing . 
th6: extent to which a reaction takes place. A^eq > 1 indiqates 
that: the Equilibrium tepds to favor the products; a Kgq < 1 indi- 
'■■■vqatjes <an equilibr|^um favori^ the^ reactahts. ; . , 

. '< ' ■ ■ ■ " ■ . ' ■ " ■ . . ■ 

■ "• -EXAMPLE. 2 1 \ ' , ■ 

' ■ • Consider a strongly ejfbthei^ic reaction such asfc ATP hydrolysis 

"V;.(Pigu£:e.. 1) . What kind of value of Rgq" might w6 find? 

V . .. '.■ ■,• • ■ . . * •■ . " 

v>> - SdljiJTION ; . ■ > .. 

tn contrast with endothermic reactions such as Example Ir an 
exothermic reaction generally has a Keg > 1. (In fact, Kgg for 

V ATP/ hydrolysis is a staggering 8Q0., 00.0. At equilibrium, the mole- 
'^N* cules present are almost exc,lu;3ively products J „ 

. Whi) is it important that the hodxj have mechanisms, to shift equilibria? 

.v|i.^ 'V; What determines tfj^e ^octent to which a reaction takes place^ . 

If a reaction is endothermic, would you expect to find most)^ reactants orv 
ostly products at 'equilibrium?^ - ' 




How does ATP cl}An^e, the positioiTof an equilibrium? 



\ . ^ WMt 'are some ways that thB products formed in, a reaction cpLn be increased"?. 

* " ' Which of the^5e methods used by the body? \ ' ' . /* / 

• ( ■ I ■ . ■ * ■ ■ . • 

Mow does he Chaielier^s principle apply to cell Kes pi rat ion? \ 

. ' ■. ■■ • , > . : : . : J..;../ . .• 

. - y \ What are two Ways in which A ^produqt can be removed, from a xeaction? 

/ , • ■ ^Suppose Kqct for ^a reaction is 63. What can be poncluded aJxJut the eq^uilib- ^ 

Jpium positicni? . .Would, this reaction be exothermit or endothermic?// r. ^^^^^ 

^ ,>>v - ■ 1st ^ v■■y^■V:'^;:/■- 
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Vocabulary ; J 

equilibrium oonstant- ^-Karf ; tAe produqt of the coilcenl^rations of the 
substances formed m a reaction divided by the^roduct of the 
■ concentrations of the reactants. (For reactioi\ in whi(^ the 
. baLanced equation shows more than one molecule o!|.. any reactant 
•or product, the definition is more complex. ) ' ^ ' . ^ 



atelier's principle. (luh-^SHAT-tuli^YAys) — if a change is made . 
in some variable that affects a reaqffcion, the reaction will ^ 



Le Ghate ! 
r~' in 

shift in such a way as t6 tend to compensate for that change. 



...PROBLEM SET 2 S-Vy ■ . 

^, . '■ 1 . ' • ' • -. • • 

' . ■ ■ ■ .Vj. " , ' 

1. Fdr the con-Oter^idnvof pyruvic acid to a two-carbon compound, the 
equilibrium, constant is > 1. iff ■ || 

. ^a. Is the reaction likely to be exothermic or endothermic? 

b; Is AH J- la negative' or positive number? (Recall that if energy 
ia released, .AH^ ^is negative. ) ' . 

For each of the next two 'problems, indicate \ 

a. whether the reaction in the forward direction is ]^xothermic 
or endothermic. • ♦ < 

• b. whether the reaction in the --reverse direction is eXotherlSiic 
or endotlhermic. 



c. whet^r ^Hr for the reaction in each direction is positive, 
'•negative or zero. ,■ ' ■■• « 

2. 'glycine +: alanine y > glycylalanine + 
» (amino' acid)'^ amino* acid) (peptide) 

3. ilcTP + ,H^?=::±ADP + phosphate , .' : • / 

■ • • • ■ , ■ • ' ■ « 

4? ■ Assulna th^t A and!^B are reacting to form. C and and that? the' 
equi>i'brium concentrations are 8 moles of C, 8 moles of D and 1 mole 

,eat2t!t?of A-^k^and B. What is Kgq? ( Hint ; If necessary, review the 
definij:ibn*bf equilibirum constant,) 

. , ^ ■ ■ ■ ■ ' ■■ . 

5.' ''As/3.{We that in -the convefsion of lactose (milk jsugar) , to glu6ose 
(^d galactose the equilibrium proportions are 1 n\ole of.. lactose to 
1 mole of H2O to 12' moles, of glucoBe %o \2 moles bt galactose. What 

. ; ' lactose + H^O glucose + gflactos^e 



I 
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SECTION. 30? DifiT .ANP IDEAL wihiGH / 

SO"^! Dietary Needs : # - 

■ ■ ' " • • ... '■ ■ / . 

^ *AFe ddetari) needs the same for everyone^ . 

, ■ You have used ,AGtivi-ty 29 to calculalfe. the quantities of / 
.seyeifafl- nutrients in you:f. diet! "for one day. In (this and the 
following section we will ■review the various nutrieniis and nv 
give y^u a basis for deciding how much of each nutrient your 
diet should include. . / • ,u 

Dietary needs are commonly. expressed in terms of "Recommended 
Daily Allowances." Recommended Daily Allowances (abbreviated RDA> 
have been established for most nutrients by the Food and Nutrition 
Board of* the' National Academy of Sciences, The Recommended v' 
Daily Allowances are those quantities that the Boar <J bfelievejs 
are necessary fox good nutrition in almost all healthy pepple. ^ 
The allowances are given in terms of quantities per day. ^ ^ ■ 

Note that the allowances are meant to be sufficient fbr 
most people. There is great variation among individuals, and 
the recommendations .J include' .aliLj|llowance for these variations. 
The recommendations'' are nojt' adeqii*fea^i^hoWever for individuals 
with certain medical problems . 

Recoflnmended Daily Allowances are nofc the same as Minimum 
Daily- Requirements. MilMmum Daily Requirements mDR) are out-* 
dated standards set by the 'Food and Drug Wministsation for 
labels on foods and drugs. We will limit pur dii=^ussion to Recom- 
mended Daily Allowances. 

_ It is hot necessary to obtain the recommended quantity b£ 
each nutrient, eachjlay. For instance, the one-day diet that you 
used for Activity^9^~^:B~i>robably, deficient in soma nutrient. 
This does not mean that| you are- suffBrirng^^romrm Your, 
body iias the capacity tp atore certain quant itTes"TrfHiu^tri^nts, 
and it is onlyj necessary that you obtain enough over a period of 
tim6. You should obtain enough nutrients for good*health if the 
average quantity in your daily diet me.ets the' Recommended Daily 
Allowance. . ' ■ 

# ■ ' . ■ '■ ' , 

A-otivity 24 was a calculation of your daily energy expenditure", 
You determineid how many calories you use up in a day. iYoiir calcula- 
tions were based t>n your actual weight. A « 

,Itv makes better sense, though, 5to base yoUr calculations on 
what yo<i should weigh, your ideal weight . For instance,, if you 
weigh moire than you should and Vou base your energy needs on yftur 
actual weight, you will 'tend to jnaintain your present weight. 
However, if you base ypu:^ energj^ needs on your ideal weight ^ ' you 
will lose weight pntil you reach your idedl weight.. In Laboratory 
Activity 30, you ?^ill„ determine your ideal 'weight. - • • . 
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30-2 Overweig£^ or Obese ? ■ / \ , ;* 

. Hojir can a ^Lrsort i>e oveWelgiit and. , <a ) 



The wcirds overweight and obese ha v6 ^lightly different 
meanings. A person may be^^QVerw^ight without i)eing obese, x It 
is important that we di&tingui&h between the two words* 

Certain tables have been I designed to give normal weights 
that are based on height ag©^n4 sex, . For instance a table y 
might, ^tate t;hat af 20-^year-old male who is six feet tall should 
weight 165 pounds. This table does not take into account the possi- 
bility that he may have large or small boneSf g^L^^exceptiohal! ^ 
muscle 'development. If a person weighs more than the weight . ; 

givefi for that person's height, age and sex./ he 6r she is saidv 
to be overweight. Being overweight ^is. not ne.cessarifly bad/ ba^^ 
. c^use it says nothing about, the amount of fat. It is possibly . \ 
to be overweigh^t with almost^ no excess;^ fatten the body. 

Obesity^ however^ is defined in /terms of the percentage of 
fat oit the body. A male whose body is over 20 per cent fat or 
a female whose body is over 30 cent fat is generally considered 
obese. - ^ v / * . *V 

■ ■ .■ . ' » 

A male should have approximately 12 to 16 per cent fat^ and 
a female about 18 to 24 per cent fat. Percentages greater 'than 
these are generally undesirable'/ although lower percentages are V:, 
^ usually not harmful and of;teii beneficial. In Laboratory Activity 
30 you will determine what percentage of your body weight is fat, 
and from this you wjLll calculate your ideal weighty 

■ • ■' . ■ . . . ■ ' ' • ■ 

How dp'es a person gai^ weight? »f^e simplest answer is that 
a pe3£Son gains^ weight when 'the energy content of the food eaten , 
is greater tjian the energy expended by the body. Eat too much ; ' 
, or exercise too little, and you gain weight* An approximate rule 
is that one pound of weight is ga^ined for every 3500 calories 
that are supplied by food above the calories that ajre expended, 
""^t^lso works the other way:^ when the body expends 3500 more _ , 
-calories thafi ♦Ate obtained from food ^ person losses a pound. Too 
little exercise may be the result of too little time or too littler, 
irtotivation or^ injury or/iilness. * The causes of eating too much ; 
are often psychological. We will return to t|ii^ subject when ^ 
* we discuss the treatment of obesity in a later section, • 
v"^' " . ^ ' •■ " ■ ■ ' 

.Vhat is the difference between "Recommended Daily Allowances" and 
^iMihimimi^aily Requirements?"* Which is presently used to describe dietary 
needs?^ 

How does your body continue to supply gon with dietary requirements 
during fasting periods (between meals) f or periods when you are eating - 
irregularly?. \ ' . 

Why is it 'batter to (determine the hamber of calories expended per day 
based on "ideal weight" rather ttjan actual weight? , 
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. At what point is an overweight individual considered obese? ^ ' 

If you had a choice , would it he bettft to be " overweight" \^or "obese?" 
Explain. , I, \ ^ 

Vocabulary i j 

ideali weigbt -'-the aino\int person should weigh "for good >i'ealth^5> 

Obesity-- the condition of having too much body fat. 

overweight' — ^the condition of weighing more than the reo^mmended 
weight in standard tables . ■ 



SECTION 31; THE OPTIMAL DIET 
31-1 The Essential Ingredients 

- What do we mean by an " QptxmaV diet? » ^ 

' ■ . . . * ' . ■ ■ ' ■ ■ • * 

In this section we will review the nutrients required to 
enable us tov function at our best level oyer a long period of 
time. We will continue the .'Search for the best possible diet/ 
the optimal diet . True^ we can all "get by" on moa^t American . 
rdie^Sf na matter how careless they are^ but-^^are we functioning y 
at out b6st? Do we have abundant energy or are we drowsy during 
the day? J Are we l^al thy ^ or do we have many colds^ minor head- 
aches sind!\ sitomach upsets? Certainly^ diet plays a role in each 
of these bohditions and^ in .this section^ we will attempt to 
summarize the dietary factors needed for Healthy functioning. 
Gertainly^ such an optimal diet would also have long-term health 
advantages . 

In the sequence on nutritional chemistry we saw the recom- 
mended levels^ for minerals in pur diet. Ajnong the minerals discussed 
were calcium^ phosphorus^ iron/ iodine^ sodium and potcissium. The 
use of these materials by the body and the foods rich in them were 
described in Sections 19 and 21. 

. ■ ' ^ ■ ■ I H 

^ ProteinSy as a major component of majny body structures^ p^^^ : 

extremely important in our diets. As we have seen ^ our bodies 

are unable V(s> make certain amino acids and therefore they must 

be supplied in our diets. While eight amin6 acids ate coni^idered 

essential it has been found* that iif t^ree gf th^se are present^ in 

a food the other five essential ami-no acids are generally also ^ 

preseht. These three amino acids are lysine^ tryptophan and * 

•methionine. (This is why you determined the quantities in your 

diet' of only these three amino acids in Activity 29.) , 

Carbohydrates^ in the form of starches and sugars^ are one 
of^ the two principal sources of energy in our diets (fat is the 
other) r and must be carefully controlled for the reasons we have 
already outlinefi* i 



While the overall percentage calories derived from fats 
should be lowered in mbst American diets, it is particularly fm- 
portantXto lower the per "cent of saturated fatty acids. In an 
optimal diet' the proportion of polyunsaturated fatty acids should 
be at least as great as ^he proportion of \paturated fa.tty acids. • 
(Can you recall why .polyunsaturated fatty acids are moire desirable 
than, saturated fatty acids?) 




The. Recommended Dietary AllowatKres 'of various vitamins were 
fisted in Section 21.' ,This is^a goodj€ime to review those tecpm^ 
mendations; while considering, an optimal diet. , At. this po.lnt it 
•can be said that if you take care of the primary nutritional needs, 
outlined in preceding paragraphs of this section, your vitamin , ♦ 

needs will generally be taken care of. ' _ . 

%" ^ ■ ■ I , ' " ■ 

31-^2' ^ pth.er Ingredients in the Optimal Diet 

tj.^*^" Why is "roughage": a dietary necessity? , .^ ' '. , 

. :5i 'By reading t^is-, first part of this section you mighit reason 
that a single pill containing all the essential amino aciids, minerals 
and* tr.^ce elements , vitamins -and essential fatty acids could provide 
you with all your nutritional requirements. If this were true, 
aside from such* mirac'le .pills , p£oc)d and eating might become a 
hobby for people who could get such pills! 

■ ' ' . . ■ ' • . . . 

'Fortunately, the pleasure of eating is not^ likely to be 
eliminated. Aside from the fact that . nutritional studies have 
ngt yet determined every, possible nutrient contai^^ed' in tljie variety 
of foods available in a supermarljet, there is at least one consti- ^ 
tuenti. of foods that has not yet been, put into, a pill."" 

Roughage , which is found largely in fruits, vegetables and 
whole-framed breads and cereals, is necessary botl\ to aid digestion 
and pb^ibly to prevent certain diegestive tract diseases. Roughage, 
or fiber, is actually the indigestible cellulose cell walls of 
plant food^. > . , >» 

■■ . ■> " 

•' Although it is not broken* down in our bodies and has no 
nutritional" valine, -the fiber acts to aid de^fecation when it 
reaches the large intest^irfe. People who eat high fiber#diets pro-, 
duce-large, sc^ft feces that pass 'through the intestine in; a little 
over one day. On the other hand, people who eat highly refined . 
diets? with little, fiber,' pass feces that are small and -stiff and ' 
take several days to pa as . through the intestine. This is' why geople 
who eat diets of refined/ food are of ten •constipated; - ; 

Foods such as whole-wheat bread and highpfiber oats, fruits 
^and vegetables, are eJtcellent sources of difetari' roughage. But 
"remember to \ read labels'- on f odd packages very carefully. 'For 
example/ ij^ -looking for Vhole-wheat bread, be certain to check the 
^ngredientk*. If it says "wheat flour" you willVnot be buying any- 
thing but highly refiped white flour, with very little fiber. Due 
to a loophole in the food labeling laws, the words J'wheat flour" f*. 
ana-- -^refined white flour" mean the same; thing) To get genuine whole- 



wheat bread, a good source of fiber, the ingredients list must., 
state that "whole-wheat flour" is present. 

■ ■ ~ — ■ - ■• ^ • 

3l-3s Too Much 6 f -a Good ^hinj^ . - • 1 

Cajl we discuss the optimal diet w^ttibut mentioning those things in ^ 
our diet ..whiqh Sho»ld not be present? , • . 

' A great deal has been mentioned about the possible links 
between salt and hyper tenrs ion, st^gar and heart disease, saturated, 
yfatty acids and atherosclerosis. While absolute proof that these 
substances actually cause these diseases is not available, it , 
may be wise to await such conclusive proof before making dietary 
modifications. 

•'Diseases of civilization," Such as atherosclerosis, hyperten- 
sion, and diabetes, are probably increased by the rich, sweet and. 
salty dietl* in economically developed nations. Many. examples that 
compare health in primitive and urbanized areas are in the litera- •• 
ture. One brief example may serve to exemplify how "too muqh" can 
be as detrimental to health as "too little." ♦ • 

True, a large percentage of the world's population suffers 
from huriger and malnutrition as a result of poverty. However, an 
abundance of g'obd food wSs generally available to people in the 
islands of the South Pacific In one of these island groups, 
Rarotonga, or the Cook Islands, people traditionally ate fresh 
fruit and vegetables, nutritious root props and much ocean fish. 
As the islanders, known as Maori people, emigrated to other cour^tries 
their diets changed. The diets^of Maoris In the Cook Islands and 
New Zealand, where many migrated, Were compared. It was found 
that sugar and Isalt intake in the outermost Cook islands, notably ■ 
iPukapuka Isle, wa^ only a fraction: of that in New Zealand. All~ 
of the "civilized" diseases plus obesity occurred much less frequently 
in Pukapuka (population 800), while amongst Maoris in industrialized 
New .Zealand disease rates were the highest. Medical scientists who 
studied- these Mdori people concluded that they became increasingly 
susceptible to the diseases_Q.f Western civilization the closer 
they, came to adopting the dietary pattern of Westerners. 

But too much sugar,, salt, saturated fatty acids, and caloriesi^ 
are not the only things to watch for in'an optimal diet. Certain 
niicrdbes do not belong in our foods and some food additives may 
be harmful-. < ♦ 

31-4 Evaluation of a Meal ^ . • . 

' The following breakfast menu has been suggested as adequate; 
that is, it makes every calorie «ount. Few Sugar-rich foods are 
present. In their place are tissue-building foods which -are 
rich in protein, minerals, and vitamins. Vet this "ideal" break- 
fast is not perfect laccording to what we Jiave seeru thus far in the ^ 
Nutrition Unit. Se^ whether ^you can pic kj out the %egatiAre : \ -. * .. 
features of this menu. (Hin^: You may assume the diet provides 
adequate! vitamins and minerals.) Can you offer substitutions, or • 
ailternatiVe foods which ar^ nutritionally sound? '. : 



I 



Adequate Breakfast 

■•jir 



grapefruit, 2 eggs, 3 02 ham, 1 slice whole^whieat bread 
arid batter, 1 glass of milk.. 

.• NUTRIENTS ' V ~~ . ' 

* • ' • . ■ '■ ■ . ■ ' ' '. ■■• ; • 

' calories. •. . . . . . * , . .600 

. protein . . . • • . . . \# . . 45 g 

carbghydrate. • . .^.^ ... . 40 g 

, ; . fat . . . . . . *h . . ; * 40' g 

ascorbic acid . . . 50 mg \. 

niacin. . . • ... . . . • . V15 itig 

riboflavin. . . .... . . 1.07 mg ' 

thiamin . . . * . . . . . . 0.8 mg ^ 

vitamin A . . ^. / . . . • • . 4200 lU • rf-rr-' 

phosphorus. . \ . <^ . ; . . ^760 mg 

calcium . . ... . . . . • . 460 *mg 

iodine r .... . • . ' . . . . ^ 17 yg 

I iron. . . . ...... ; . . 7 mg 

'..■■/ ■ ■ ■ ^ ■ .• ■■■■ ■ ■ .. •. 

List the essential ingredients required in^ an optimal diet. 
Namf three good source^ of roughage or fiber. ^ 

According to the food- labeling, laws, what is the difference between re- 
fined wljite flour and "wheat" flour? .' , ' * / 

What: does not belong in our dietsi? ^ 

Can we devise one "optimal diet" - that' would be good for all people?' 

■ . ♦ - " /. ' ■ « ■ 

What is meant by "diseases of civilization?" What causes these diseases? 

Vocabulary ; , . • 

fiber — roughage . ' . 

optimal diet--the ideal^or best diet for an individual. 



•roughage ( RUF- idg ) - - the indigestible cell walls of plant f oods^^ ; ' 
required in our diets to stimulate intestinal action, aijd 
'promote peristalsis. ^ , 
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.SECTION 32': DIABETES AND NUTRITION •' . , ^ . 

3^-1 Diabetes Mellitys > ' 

- , / ■• , 

, How is the hormone ^nsul in related to a^abetes mellitu:iP 

We have considered diet in relatibn to the mafntenanc^^ 
good health; now we will turn our attentipn to the i^ole bf diet 
irf^he treatment of a disease.- This section is devoted to the 
dietary tfeatment of diabetes mellitus, while the next section 
will concern obesity. ^ '; 

• '• - ■ • • ■ •* 
The word "diabetes" is applied to diseases that are^ chabracter- 

ized by excessive amounts of uirine being excreted. One type of 
diabetes is caused by a shortage of a hormone that controls the 
absorption of water back into the blood from the kidneys. The 
water, that is not reabsorbed leaves the body as urine. This 
type of diabetes does not concern us here, but a type called 
diabetes mellitus does. ■ The word "mellitus" is from the Juatin 
word for "honey", and refers to one symptom of diabetes mellitus, 
\;heJ* sweet taste of the urine". This disease is the most common, 
type of diabetes, and when the single word "diabetes" is used, it. 
is^ generally diabetes mellitus that is n(eant. ,, 

Diabetes mellitus is characterized by impaired ability of the 
body's cells to use glucose. Therefore, we will briefly review 
the digestion of carbohydrates. Du'ring digestion, carbohydrates 
are broken down to monosaccharides, principally glucose. /Phey. 
are absorbed into the body, where* other monosaccharides are con- 
verted to glucose. Glucose is carrieeHpy the blood to. the cells, 
where it is used to provide energy'. Excess 'glucose is stored by ^ 
the liver as glycogen," apd when the liver's capacity ^or storing ^ 
• glycogen is exceeded, glucoTse is converted to fat, which is erlso 
'■■ stoifed. ■ ' /,•,■■■ 

■ : ■ ■ / ' .-, . : : , , 

Within the pancreas is a group of cells^with the poetic 
name of Islets of Langethans. TJhe function oi- thes^ cells i[s to 
secrete a protein hormone ^alljgd -insulin ijo^to the blood. | 

-insulin helps glucose to enter into cells. It- is not known 
how insulin 'helps , but it is known that when insulin is in short 
supply, the body does not use glucose efficiently. The resulting 
condition is diabetes mellitus, - ■ ' ■ • ' 

Recall the discussicfn of insulin in connection with hypoglyceijaia. 
We examined a case history in which a snack of honey led to a 
high blood glucose level, which in turn led to a high insulin 
level. .The large amount of insulin caused glucose to be metabolized 
(i.e. , participate in cell respiration) more rapidly, than it 
normally is; aS a resi:\lt the blood glucj'ose level decreased to 
less than normal. , ' . • . • 

* ■ ■ * ^ ■ . ' . ■ 
; "Bhe system by which insulin controls .the use of glucose is 
an exJmple of negative feedback and of homeostasis. Glucose con- 
c.ent'tltion increases; insulin secretibn increases.. Insulin 

. vl •■ • . f • ■ •■. ■ ■ 
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ctrkcentration increases; glucose metabolism rate increases. Br«ak-= 
down.^f glucosQ irc^reases; glucose concentration decreases. \ ;, 

^1 • Noriaally the body has other mechanisms to correct the situa- 
tion of. high insulin and low glucose. However, in the case we 
considered, n:he mechanisms could not react" sufficiently to couater- 
acjt. the imbalance, and the. runner collapsed aftet his race. 

Diabetes mellitus is a condition that involves insulin in ■ anothe 
Wc'y. Either the pancreas does not secrete enough insulin, or 
the body's cells simply do not respond to the insulin.that is se- 
creted. In either case- the result' is the same: , glucose is not : 
effectively metabolized. The , fact that glucdse is hot properly 
meitabolized causes some of the symptoms of diabetes. . 

Ttie concentration of glucose- in the blood-of)a diabetic 
person .is greater than in a normal individual, because glucose 
is not metabolized to the extent it' should be.. Glucose that is 
not used is eliminated, and extra water is required to remove 
unused glucose. , A diabetic' characteristically urinates frequently 
and is often thirsty. Since his cells do not receive sufficient 
energy (ATP), he tires easily. He "may lose weight and be constantly 
. hungry. V ^ 

However, the high blood-glucose level and frequent urination 
are not the real dangers in diabetes; the dangers are what these 
symptoms lead to; 

'' ■ • .» ■ ■ " 

One of the complications of di^|:>etes is disease both of the 

larger vessels (atherosclerosis) anc^ of the small vessels. The 

occurrence of atherosclerosis again apjfears^ to |)e re^^ted . to a 

high lev-el of dholesterol and fats in the blood' of a aiabefcic. . 

Damaged bloo'd Vessels, it^ay cause other , symptoms . to develop fuch as 

'heart disease. Vision may deteriorate^ wounds heal slowiy and 

poor circulation causes pain -in the finger^ and to^es. If diabetes 

is not treated, it may be fatal. . x-- 

What causes a person to have diabelHies is. not well understood, 
but it IS known that diabetes tends to be inherited. Character^ 
is.tically, some relatives of a diabetic will also have diabetes. 
Approximately five million Americans have diabetes. It is estimated 
that perhaps another five million will develop diabetes during: . 
their liv6s/ ' ' \ 

■ • ^ ■ 

Physicians reco^hize two fo^-ms . of diabetes mellitus. jThe more 
common form is adult-onset- djiabetes , which , generally appears 
after the age ^of 25. Adult-onset diabetes is usually developed by j 
overweight people. The other. formMs juvenile-onset diabetes, 
which appears before age 25 and' isrnot related to being overweight'.. 
The symptoms of the two forms are essentially the same, and the ^ 
-two forms may have the same -cause and aire certainly related, but 
the symptoms characteristically become more severe when the disease- 
first appears at a young age. ' ' * . 



, In Japanv the incidence of diabetes is increasing along with; - 
rising prosperity. This is thought to be relate.d to an increase 
in the amount of food eaten, pafticularly the'amount and types of ; 
carbohydrates. , ' : ■ ^ ■ 

How^is diabetes detected? Two tests are done .whfen diabetes 
•is suspectqd; urine and blood are tested for glucose. A high con- 
♦centration of sugar in urine is a^ign pf 'diabetes. However, 
"high .sugar , /Concentration may also be caused by other factors, so . 
this test is hot conclusive. „ 

. V ' ■ ■ . " ■ , . • ■ 

"If a uirfhe test suggests diabetes, the diagnosis ^is confirnied 
with a^series of. blood tests. A blood sample is taken at least 
eight hours after the patient has digested arid absorbed his previous 
meal: . The concentration of-glucose in this sample is the fasting 0 
blood glucose level . Each person has a specific fastiAg blood glu- 
• cd&e level. Th^ level in a normal individual is less than 110 mg 
of glucose per 100 ml of blood, but the level of a diabetic Is 
greater than 120' mg of glucose per 100 ml" of blood. 



- The patieht is then fed "/S grams 
absorbed into the blood. In a normal 
level rises within -an hour to perhaps 



(160 mg per 100 ml maximum) 
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FIGURE 1: 



Bl(tod glucose level in abnormal individual. 



The^ ii^crease in blood' glucose stimulates increased instiiin 
secretion. ; The" b^Loofl gl-ucose level decreases after, an hour, be-' 
cause the additiona^ insulin causes faster' utilization of glucose. 

Note that the blood glucose level drops below normal aftor . 
about three hpurs, then sl'owly returris to normal. The decrease , 
below normal is 'explained by the extra insulin that was secreted. 
As the insulin level then returns to normal^, so does the 
level. " ( ' , J • . 



glucose 



Compare tha. graph for a ^ normal person to that of a diabetic 
individual^.' ^See PJigure 2,, fpllOH^-ng page.> . ' . ' 
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FIGURE 2: Blopd gluqose leveil in a normal 
inddvidual and in a diapetiQ - 
.individual , . '.. 

fasting blood glucose level of the. diabetic 'represented in 
'^e graph . is approximately 135 mg per '100 ml .of blood. Aft«: 
vongestlng 75 grams of -glucose,' his blood level rises. Unlike ^ 

a normal ' individual, his level does not'decrease after an hour," 
. either because' he lacks insulin of because his, body, does nbt 

respond properly 'to 'the irisulin he produces, ties s glucose is ' 
' metabolized, and thfe .blood glucose level continues to rise. 

Eventually some glucose is metabolized and "some is eliminated 

in ujine* .-The blood glucose level then returns "to 'the diabet^ic' 
' fasting level. Diabetics can usually be diagnosed on the basis 

of this test. * ' : • . 

.■ • - ' ' ■ ■ ■. ■ , ■ ■ . ' ■ ■■ 

32-2 Diet and Diabetes . 



How is diabetes treated? - , • ' 

/ Diabetes cannot be cured, but it may be controlled. The aim . ^ 
of treatment i& to maii^tain a normal blood sugar Tevel. Little 
or no glucose should" be lost^in th^ urine. , ^^here are two strategies 
for achieving this aim.. These two strategies' ate ^ns.ulin„ in jegtions 

iand .control of diet; often both stratecfies are used. Juvefii,l6-on- 
set 'diabetes is commonly treated with both, adult-onset diabetes*, 
often only by conttolling diet. Inauiin reduces the level of ' 
blood glucose, 'but it must be in"5ected, not taken orally. (Insulin. 

i||.s a.' protein, and if taken orally i< is digested: converted ^o . ..■ 
^ino acids.) Pills that increase insulin secretion are available, * 
but their '.value at present is in doubt . - > 

•■' .■ •■ : • . . ■ ■ ' ■ ■ ■ . > f . . . 

The qther' strategy for controlling diabetes ia diet. The » 
♦primary ,9 im is to eliminate pu^ar ^nd reduce the amount Of ^starch* » 

which is converted into', su'gar . Sugajrs 'cause 4 i^api<i ris6r in bltfod 

glu'cbser' this is undtesirab:l6, ' particularly^ 

an^ounts of<«ftarches ([riceV ^blfead, . potatoes, etc.) may also be re- 
duced and distributed evenly throughout, the da^. ' Also; sin^e . . • 
diabetics a^^re proh§ to^ developing atherosclerosis, their diets 
shovjid'minim.iae saturated fatty acidsl At isa&^?ame time' the 'patient 
ni^ust obtain good ri^^ ' * 
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Dietary treatment of a specific individual depends' on his 
life st^le and the severity of the disease. Diabetes is aggra- 
vated by obesity-, aijd the calories provided by a diabetic's difet 
must be restricted, ^ 

Diabetics must control their diets for the rest o^f their lives, 
-and it is not realistic to expect a diabetic to .perform detailed •• 
• dietjary calculations every day. A cjir rent trend is to educate > 
a patiertt in the nutritional value of various types of foods, 
tell him what to emphasize in h,is diet and what to avbid (carbohy- 
drates, especially sugar) , and let him suit> his >diet to his own .^ 
tastes and his body^s reaction. 

♦ ' • • • 

A raore.traditional approach to a diet for diabetes^ however^ 
is a system devised by the American Diab^t^s Association and the 
American Dietetic Association. The object of thig system is to ^ ' 
n\ake calculations easier. It is based, on the concepiL of food 
equivalents. . Common foods are placed in categories according to . 
their nutrient ^compybsitioh.' Each category is called a "food 
exchange group." ■ . . 

There are seven fo6d exchange groups: milkr meat^ two vegetabl 
groups^ breadf fruit and fat. Shortened versions of food exchange 
groups. are shown on. the next. two pAges. 



POOD EXGHANGE GROUPS 



. Milk Exchange . 

Buttermilk/ f rom *skim milk r 1 cup 
* Dried skim milk powderr 1/4 cup 
pried. whole milk powder^, 1/4 cup 
Evaporated milk+, 1/2 cup ' 



Homogenized or whole milk+, 1 cup 

Plain yoghurt^, 1 cup 

Skim milk, 1 cup 

2% biitterfat milk**>; i cup 



^ Vegetablie R Exchange ^ (Up to^one-cup may be eaten at each meal without counting 



Asparagus . 
Beans, green or wax 
Broccoli*+ 
)|russels sprouts 
^abbage ^ 
Cauliflower 
Celery . y • ' 



Cucumber 
Eggi>lant 

.Greens, all kinds* 

collard, kale 
, spinach, etc. 
Lettuce 
Mushrooms 



Parsley . 
Pepper , green^J- 
Radish 
Sauerkraut 
Tomatoes* 
Vegetable juice 



vegetable B Exchange (One serving equals 1/2 cup copked vegetable or 1/2 cup 
" ■ raw vegetable* ) 



Artichoke 
Beets 
* Carrots^ 



% / - ■ ' Onions 

; Peas, green 

' Pumpkin 

Fruit Exchange (Raw, cooked, canned unsweetened, or frozen iinsweetened) 



Squash, Winter* 
. Butternut , acorn 
Turnip 



Apple, 1 (2- inch diameter) 
Applesauce^ 1/2 cup ' , 

Apr'icpts*, dried, 4 halves 
Apricots'*, fresh, 2 medium 
Banana/ 1/2 small 
Blueberries, 2/3 cup 
Cantaloupe+*, 1/4 ^C6-inch diameter) 
Cherries,: sweet, 10^ la^rge 
dates, 2 • 
Figs, dried,* -2 . ' 

Grape juiee, 1/4 cup " ^ * 

'Grapef]fuit+, ,1/2 small * ' 

. Qrapef rui# juf ce+, V2 cup 
Grapes, 12 

Hot>eyd^w melon, , 1/8 ( 7- inch diameter) 



Nectarine, 1 medium 
Orange+, 1 small 
orange juice+, 1/2 cup ^ 
Pearch, 1 medium 
^Pear, 1 small 

Pineapple, 1/2 cup cubed or 1 slice 
Pineapple juice, 1/3 cup - - 
Piumsy 2 medium ^ 
Prunes, dried, 2 medixjm j ■ 
Raisins, 2 tablespoons / . 
Raspberries, ^1 cup 
Strawberries+, 1 cup ^ , 

Tangerine+, 1 latge 
Watermelon, 1 cup- ^ 



'*Rich sources of vitamin.A,- 
+Rich sources of vitamin C. 
**0mit 1 fat' exchange from diet, 
tomit 2 fat exchanges from diet. 



Bread Exchange 



J 



Bread, white, rye, whole wheat, 1 slice 
.Biscuit, 1 (2-inqh diameter) 
Cornbread, 1-1/2-irifeh cube 
En?(li9h muffin, 1/2 
Frankfurter bun, 1/2 
Hamburgeji: bun, 1/2 
Muffin, 1 (2-inch diameter) 
Roll, 1 (2-inch diaileter) 
Cake, plain and unf rested angel 

ox sponge, -t- 1/2- inch cube 
Cereal ^ ^ 
Cooked, 1/2 cup • 
3ry, flaked of puffed, 3/4 cup 
Cr^t^kers 

lam, 2 (2-1/2 inch square) 
id, thin, 6 to 8 (1-1/2 in. diami ) 
[itines^ 5 (2-inch square) 
Soda, 3 (2- 1/2- inch square 
■ vA' 

Melat Bagphange * . . 



Chleesey^^ 

AmeAican, Cheddar, Swiss, 1 ounce, 

1 \lice, 1-in cut)©,. 1/4 cup grated 
Cottage, not *cream^d, 1/4 cup 
C^yld-cutis, 1 slice 

4-l/2yin diameter,. 1/8-in thick 

Bologi 
LivervHirst 

SalamiL\ ' 

sggs, 1 

irish • '■ 4 ' ^ ■ 

Cod, haiUbut, haddock, trout, 

snjpippBi:, etc., 1 ounce cooked 

Crabineat, lobster, 1/4 cup 

Shrimp, \c lams,; oysters, 5 small 

Tuna[| saamon, |l/4 cup 



Flour,. 2 1/2 t?lblespoons 
Ice cream+i 1/2 cup* 
SheljDet, .1/3 cup 

Noodles', spaghetti, cooked, 1/2 cup 

Rice or grits, ^ooked, v 1/2 cup 

Vegetables 

Baked beans,' no pork, 1/4^ cup 
Beans And peas» dried, cooked, 1/2 cup 
Black-eyed peas j kidney, lima 

Corn, popped (plain) , 1 cup 
^Corn; sweet, 1/3 cup or 1/2 ear 

Lima beans, fresh, cooked, 1/2 cup 

Mixed vegetables, 1/2 cup 

Potato, 1 (2-inclt diameter) 

^ baked or bdiled^ 

Potato, mashed, 1/2 cup 

Sweet potato or yam, 1/4 cup 



Frankfurter, J - 

Peanut butter,, 2 tablespoons 
Meat, poultry (no bone or visijDle fat) 

1 ounce cooked or 3 slices 

Beef 

Chicken 

Corned beef 

Ham 

Lamb 

Liver ' 

Pork 

Turkey . " 

Veal 



('at Exc] 



angc 



ivooado, l/8\ (4-inch diameter) 
Bacon, cjrispA ,1 slice 
Butter olr mar^ariney 1 teaspoon 
Diet;-typ^ margarine, 2 teaspoons , ' - 
Cream, whipping (40%), 1 tablespoon .'/ 
CrSeam^^light ^(20%) , : 2 tablespoons /\ 
.CrSam cheese, 1 tablespoon 



French or Xtaliaa salad dressing, 
■y, 1 tablespoon _ 
Mayonnaise, 1 , teaspoon 
Nuts, 6 small ^ , , 
Oils or shcrt€Sn;ing, 1 teaspoon;* . 
Olives, green, 5. smi^ll ' ' 
Sour cream 1 tablespoon ' y,^ 



Tlie virtue of the food exchange group system' is not its accur- 
acy. . As may be seen from t\ie table, its numbers are very appiroxi- 
nvate. Rather its' virtue* is the ease with which it may be used. 
Let us illustrate its use with an example. / 

You are a dietitian, and .a physician has referred a patient 
to you. She has diabetes mellitus, and the doctor wants her 
calojries limited to 1850; per day. The- doctor also prescribes at 
least 80 grams of protein a day, with the remaining calories 
divided evenly between fat and c'^rbohydrate. He/ specifies the 
carbohydrate distribution as 2/7, 2/7, 2/7, 1/7,. The fractions 
indicate -that 2/7 of the carbohydrate is to be eaten as 'breakfast , 
2/7 at lunch, 2/7 at dinner, and 1/7 as an evening snack. The 
purpose of this, distribution is to spread carbohydrate consiplmption 
sfs evenly as possible through the day. (A patient also receiving 
insulin injections would have a large amount of carbohydrate 
prescribed for- the time of the injection, because the insulin 
would helpvinetabolize the glucose formed in digestion.) 

>" Alf ejj^mple of a diet which would meet the physician's speci- 
figartions is shown on the following page. Many diets could fit 
the prescription; the one shown was most appealing to the patient. 

. .The patient has a diefe prescription that she may use every 
day. She may eat any food within each group, .provided she -eats 
the airiouhts specified. Remember that a milk exchange is based 
dh skim -milk; 'She is free to; drink whole milk if she wishes; 
but if she does, she must subtract two fat exchanges from that 
raieal. , . ' 

One drawback of the food exchange groups is that no attention 
is given to vitamins and minerals, other than noting a few foods 
rich in Vitamins A.and.C. For this reason a dietitian must educate 
a patient to avoid his making choices such as a doughnut over, a 
good, type of bread. 



You may be surprised to note that the diabetic's diet is 
not so different from your own optimal diet. The two in fact have 
the same ideals in' common: sufficient amount of high-quality m 
prot^in, sufficient amounts of vitamins and minerals, and minimum 
amounts of saturated fatty acids and sugar. The most important 
difference is that the diabetic must observe his diet conscientiously. 
If he has a banana split after school, or gains a few extra'pounds, 
the results can be more immediate and drastic. . ; 

• .'■•^ ■ \ / • ■ ' ■ • . ■ . . . ' ' 

. What is known about the cause of diabetes? 

'What is the function of insulin i'n glucose' metabolism? 



What complications result from diabetes? 
H6\/9 is diabetes detected? \ . 



What dietary modifications are aecessary in. controlling diabetes? 
What are some foods that 'you would not expect to find in the prescribed ^ | 
diet of a diabetic? , r 
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98 



• ../ 80' 



185 
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Vo<pabulary ; ' . , i | 

diabetes mellitus (DY-uh-BEE-ti^ez muh--LY--tus) — a disease ,in 

^which glucose is no tjWt^ab.oli zed- effectively due to in-, 
• -^ sufficient insulin' a failure of^ insulin to function 
. properly.- • ' / " ,■ - , ■ » ■ 

fasting blood glucose leVel~ -the' concentration of glucose in 
the blood eight hovers or mqire, after eating h ^ 
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SECTION 33: CASE HISTORY: OBESITY 
33fl. Obesity . ■ 

■ ■■ ■ .--^ 

Wha«t causes weight gain? _ 

^ • ' ' ^ 

» :-When more energy is consumed than expended we gam weight! 

This is a primary fact of metabolism. Too many calories may lead 

to a state of obesity, the Condition characterized by haying more ' 

body fat than is healthy. . ' ^ 

In LaboratoiTY Activity 30 you determined your ideal body weight. 
You did so by measuring the percentage of your body that is fat. We 
-distinguished between be ing^ overweight and being obese. Being over^- 
weight means having a \freight greater than that given in standard • 
tables. It^may be idue to excess fat, or ft may be due to a heavy 
frame or mo're ,th ail, normal muscle 'development^ iind is not necessarily 
bad. Obesity, however, is defined in terms of fat. A -male with 
over 20 per cent fat or a female with Tnore than 30 per^nt fat is 
cbnsiderted to be obese*' • Ifi^ ^ ^ 

In this section we will mention briefly reasons for becoming 
obese and the effects of obesity on health. -We will then discuss 
how the condition of obesit;^^ may be effectively and safely treated. 

We will begin with a case history that illustrates many of the 
causes of obesity. ^ . ' * - \> 

33-2 ilase History: Female, Age 40 / ; ' 

Mrs. Jones is 40 years old, 5 ft 4 in tall and weighs 153 lb. 
She has tiiree boys aged 17, 15 and 14 years. Before her first child, 
she was. very active and held a full-time job. However, when, her 
first child was born, Mrs. Jones quit her job and deVoted all her 
time to raising her child. Even though the child kept her busy 
and on l>er feet all day, she foxind it difficult to take off the 
excessr pounds that remained after her pregnancy. The two succeed- 
ing pregnancies also added extra pounds to Mrs. Jones' weight that ; 
again were difficult to lose. She didn't keep gaining weight, at 
Ifeast not while her children were ^roung. Those extra pounds just 
seemed to stay . / 

The bulk of Mrs. Jones' weight gain has pome since her children 
grew old enough to do things for theamselves . She no longer has to 
run arouid alj. day feeding the children, supervising their play, 
and picking up after them. Her^ hectic, tun'-around-the-house days 
have changed to fit her children's activities-. Now, most of her 
time is spent jdriving the car— carting the boys to many of their 
different! activities, doing the shopping and running other errands. 
When asked abovit getting more physical exercise', she replies, "Qut . 
.1 do the housework andi I'm alwairs carting the kids around. \ I am 
busy all 'day and really exhausted at nicfht. There never seems to 
be. any time left for me to do' anything fiore." 



H6r tesijage boys are always hungry, so Mrs. Jones keeps plei 
of snack. items on hand. She believes, the boys need something 
munch dri after .School to keep their energy up. These snacks -j/ftclude 
crackers, pptato chips^ cookies, sodas and other ^weets. Hj(>s: Jones 
ialsb admits to munching' on tK*ese i terns as>>she does her hovtsework,. <' ' 
just because they are there. She nibbles all day and tjv^ eats a; 
jbig dinner with her family. Dinners usually consist or rich gravies 
and sauces, lots of bread and potatoes, some vegetables (but not.. . 
niuch) , meat and rich desserts. 4fier family has distinct likes and 
dislii^es when it comes to" eating. Since Mrs. Jones, no longer, has 
to spend time chasing the children, she can spend more time in the 
]citchen preparing meals her family will like. Mrs., Jojies likes to 
cook. . Being' creative with her- meals is the only in'teir^&sting part 
of her housework". drudgery. And, of course, she likes' to eat,; too. 

•x Dieting has never appealed to Mrs. Jones because good food is 
an important part of the Jones' way of life. The family has always 
eaten their morning and evening meals together. By eating differ- 
ent foods (than her family, she would spoil the .'feeling of together- 
ness. Besides, finicky eaters are not allowed at the table. 
Everyone eats the same foods. The food budget is fairly limited. 

Mrs. Jollies has never been active in socia,l affairs. She does 
not beloftg to the school PTA, the church group or_the local char- 
ity. Thus, Mrs. Jones is not socially pressured to lose weight. 
H6r husband's complaints are hot very harsh and her children don't 
seem to mind. Mrs. Jones is just not motivated to lose weight. 
She says, "What does it~lTcrrt to be overweight? If I had a job or 
something, then maybe. ... " 

' ■ ■ ■>,•■;■/• 

■ ■■ ^ . ■ ■ 

.33-3 Treating Obesity r.^rj'" 

What are some steps that an obese person can take to lose weight? 

The basic reason that someone gains weight ^is that more food is 
consumed (ot more calories, if you wish) 1:han is required for bodily 
needs. The reasons why someone consumes too much food/ however, are 
more .qomplex. We may mention several factcs^rs in the case of Mrsv 
Jones. , 

One factor is her changing energy requirements.^ Before she 
had her children she worked and had more exercise.. She needed more 
food. And raising young children requires a great deal oT energy. 
But as chijj^dren grow older they are better able to care for them- 
selves and r-equire less effort fromi their mother. Thus Mts. Jone^ . 
was expen<dxng less energy than when she was younger. . 

" Another factor is the change^ in metabolism with ^age^. As they 
grow older, itiany people's basal metabolic rates decrease somewhat, 
so their bodies require less €uel. 

Mrs. Jonek was expending less energy, but her consumption of 
chemical energy\ in the form of food did not decrease correspondingly.^ 



In fact, there is some evidence ^ that her food consumption had in- 
. . creased. ^ When she had a job, it is unlikely that snacks were 
available' 1:o nibble. on througljout the day. 

Mrs. Jones' preferences in foods are also a factor, Seve'ral 
of the foods mentioned supply "a large, number of calories: gravies, 
rich desserts, bread and potatoes, for instance. V >■ 

There are a variety of reasons why people eat too much, most 
. of the reasons being mental rather than physical. Some people eat 
. when they are r?ervous; a person trying to stop smoking often com- . 
plains of gaining weight. Others overeat when they are Jangry or 
depressed. But this is not the case with Mrs. Jones-; she eats too 
miich because she sihiply likes the taste of food 'and because she is 
in the habit of eating big meals with many snacks between them. 

One condition that is commonly thought to lead to obesity is 
hypothyroidism . You "may recall that the thyroid gland secretes the 
hormone! thyroxin that helps, determine oijijj^ basal metabolic rate. • 
When hypothyroidism exists, the thyroid gland secretes too. little 
thyroxin. The result i:S—%tvat the basal metabolic, rate is less than 
normal. LessVenergy is expended, so unless correspondingly less food 
is eaten, or the condition is. treated with supjJleriients of thyroid • 
hormone, weight gain may result. But,- since hypo i^liyroid people / 
• generally haiVe poor.c^^ they are almost never obese. ' v 

■ • ■ ■ ■ / '■ "'"^ >fe ■ ■. ■ ■ ' ■ , ■ ■ ■ ' ■ • • . 

The rilation between. d||esity and beauty is a matter of per- 
sonal |)referenee, but the ^p^lation between obesity and health is 
not. There are many >/?if^idit:iations that obesity is detrimental to 
good health. , ^ 

• ■ . ' ■' ■ - • ■ ■ * ■ ■ , 

A larger percentage of obese people than normal people deve.lop- 
atherosclerosis , hypertension, diabetes mellitus and 'arthritis. ■ 
And obesity makes surgery mpre^ risky. For ®ne thing, if a surgeon 
has to cut through excess^ fat, it is more difficult tjcy find what : 
he is looking for. Also, an'vobese person is usually not as healthy 
as a person who maintains an ideal weight, and during surgery it is 
important .that a person be in as good a condition as^possible. In 
the Framingh.am Study, the rate of sudden 'death from coronary heart 
attack was found to be almost five times greater for men who were 
'20 per cent or more overweight than^ fot- men who .were not. 

Let us return to Mrs. Jones. What are we -going to do about 
\. her obesity? (We'll ignore the fact that di^s should be prescribed 
by specialists'.) If she likes being obes^^ of course, it is npne 
•of our business; and she is free to live as. she. pleas^. But few 
people like being obese. ■ If she does decide to JLose weight, what 
is the best course for her to follow? 

. - ■ ■ . ■ ■ ' ■ ■ ■ • ■ 

The first principle of losing weight is to expend more energy 
than is consumed. 3500 excess calories are ^equivalent to about a 
pound of excesl weight. A person loses about one pound for every 
y 3500 calc^ries tthat are expended without being restored from food. 

So exercise helps one to reduce weight. Exercise increases energy ■/ 



4> 
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^. ■ :■• ■ ;•. - • - : .: ■ ■ . , ' . - J ■ •• ■ • • ■ 

expenditure^ and it also improves itiiiscLe tone. This prevents tis- 
sues from becoming f labby -aftex weight is lost. But it takes a lot 
)fexercise over a long' period of time^ to. produce a significant ef- 
fect. . It does not appear from her case history that Mrs. Jones ^ ^ 
does much exercising, but rather. spends her time around the house 
or in her car. . • °. . 

Weight is alsoi lost by reducing the number of calories in ' . 
our diets, but restricting bur intake .of calories too drastically 
is not a good idea. Our bodies still need protein, vitamins and 
minerals. In addition, closing weight too rapidly makes it difficult 
for o^ur bodies to adjust to the change. 



1 

A person may also have psychplog j^cal difficulty adjusting, to . 
a very restricted diet. -Hunger, irritability and depression are ^ 
hazards of such a program.^ It is better' to' lose weight slowly^ 
to develop food habits that keep our bodies at their ideal weights 
once we get there. . 

For these reasons it is generally advised- that a calorie defi- 
cit be no more than 1000 calories per day. ''^LOOO calories per day 
is 7000 calorics per week- ^'deficit of 7000 calories results in 
a weight loss of about two pounds. So 'two pounds per week is con-^ 
sidered a safe rate at whiih to lose we'ight. 

' ♦ Let us plan a specific program for Hrs. Jones), assuming th^at 
she has decided to 'lose weight. Her ideal weight is determined to 
be 125 pounds,; but her present weight/is 153. pounds, so she .shbuXd * 
lose 28 pounds. 



Mrs. Jones writes down her diet for a typical day; it provides 
her with 2 300 calories. She requires nearly 2300 calories per day 
to -maintain her weight at 153 poui^da^ If she weighed 125 pounds, 
her ideal weight, .she would need. ;CS§(PJ875 calories daily. This 
argument a^fi^sume is l/hat Mrs. Jones wo^'d be as physically 'active at 
153 ^undfe'Ss at 125 pounds 



If we put Mrs. Jones on a diet of 1875 calories , she' would 
begin to los^ weight slowly. But since she should lose two pounds 
a week, we reduce her energy intake, to 2300! - 1000 = 1300 calories 



per day. 



Mrs. Jones should get about 0.8 gram -of protein per . day per. 
kilogram of ideal body weight. 125 pounds is approximately 57 kilo- 
grams, so her diet should include 57(0.8) ^ 46 grams of protein. 
46 grams of protein .svppiies about 46 x 4 = 184 calories. 



The remaining- 130O>^^ calories will 'be supplied by 

fat and carbohydrate,: . 4^^^ of the 1116 calories, or ap- 

proximately 446 'Calories/; wiy>l^te by fat. the remaining 

60 per cent of 1116 calories, which is 6.70 calories, are supplied 
carbohydrate. 446 calories are provided by 446 ^ 9 50 grams of 
fat_, 670 calories are supplied by*670 v 4 161 
'carbohydrate.- . ' ' 



by 



18 grams of 
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.-.So Mrs. Jones is res.tricted to a diet of about 46 grams of 
protein, 50 grams- of fat and 168 grams of carbohydrate. Thp.s diet 
will enable her to Ibse weight, beginning at .a rate o^ two pounds 
per week, until after a few months 'she reaches, her ideal weight. 

When her weight becomes 125 pounds, her energy intake will be 
adjusted to 1875 calories. -.This number o^^calbries will enable her 
to maintain her weight at 12.5 popiids. ,/ 

A more specific diet for Mrs, Jones would consider 'several 
factors. ' One is that her diet must include sufficient amounts of ' 
all- vitamins and minerals. Another consideration is that her diet 
.should fit her family's eatijig habits as well as possible. Con- - 
tinuing to eat the afeme fbods as her family, even though in smaller 
quantities will make dieting"^asier and avoid the trouble and cost 
of preparing separate foods. . 

We should also teach her some facts about nutrition:- how fdods 
with fewer calories may be substituted for higher-calorie foods. 
Substituting lean meat for fat meat, nonfat milk for whole milk, and 
cooking oils for solid fats, are examples of changes that she may 
make without seriously upsetting the family bating, habits. And we . 
can point out the advantages of salad (with low^- fat dressing), with 
d^Lnner. If Mrs. Jones still insists on snacks, they must be con- 
sidered in her allotment of calories. 

If Mrs. Jones goes to a bookstore, she is likely to find^ 
entire shelf devoted to books on losing weight. Each book clai^ttjs 
to -advocate the best method, but they generally contain a serious 
flaw. It is well to ask several critical questions before adopting^ 
a plan from any book^ on losing weight. ^ 

Other weight- loss plans involve drugs /that cause the body to " 
lose not fat, but water. Losing, water is desirable and' is not 
weight permanently lost. Many devices, suclT^^^^lastic suita* also 
involve water loss and therefore do not in vol ve^rue, permanent * 
weight loss. '. 

Many diets that cause tod rapid a loss of weight also cause 
serious problems. Some promote a loss of muscle tissue rather than 
fat. Some create a deficiency of essential vitamins and minerals. 
An ideal diet should meet. all nutrient requirements, not by pills 
but in the food. 

. : ■ ■ ' . ■' . ' J ' ' 

. I 

A question that should be asked about any diet is whether thfe 
balance of protein,' fat and carbohydrate is good. If too little cai 
bohydrate is included in a d:|^t, ahother difficulty occurs. Our 

.cells are suited to obtaining energy by metabolizing fat in combina? 
tion with carbohydrate. When no carbohydrate is available, fat is 
brought from fat deposits to celTs to use for energy. One of the 
breakdown products of fats is an acidic substance called a ketone 
body . Normally, the amount" of ketone bodies, in the blood is low 
because carbohydrate is metabolized for energy instead of fat. How- 

I ever, with the increased metabolism of fatp, the concentiration of 



ketone bodies in the blood increases, causing the blood, pH to/de- 
crease. This dondifeion is called ketosis , . 

Because too much protein/ too little carbohydrate or too much 
fat all create proTDlemS/ it is desirable that- a weight^loss diet 
contain roughly thp proportion of fats, carbohydrates and proteins 
that your optimal diet does. 

What must tjrue about energy consumption and eypenditure for a person 
to Ipse weight? ' *. .. ^ 

Review .the case history and list some of the reasons why Mrs. Jones 
was obese . , / ■ ' - . , 

How is obesi ty treated? ; 

What is hypothyroidism? Jsr this condition a common causi^of obesity? 
* Are obese people particularly prone to any diseases? Name them. 
Vocabulary ; . 

ketone Ibody (KEE-tone^^) - ^by-products of fat metabolism when carbo- 
"5 hydrates are not available. ^ 

ketosis (kee-TOE-sis)— a- condition in which ketone bodies accumulate 
- and cause the blood pH to drop. ^ 

hypothyroidism (HY^po^THIGH-royd-izm) ^ -a condition in which there 
is an insufficient production of thyroxin; opposite of 
hyperthyroidism. 



REVIEW. SET 33: • V 
1« a;. State the Law of Conservation c|f Energy. 

b. Does it- pertain to energy changes in metabolism? 
2. Which of the following may be expressed in units of calories? 

a, The m'ass of vitamin's in a food." 

. b. A quantity of heat. - 

■. " ^ ■ ■ / ■ 

Cjg The amount of chemical energy m a mole of glticosFe. 

■ .■ ^ 

d. The* amount , of energy made aV^ailable to. the Jpody J?y the con- 
version of a mole of ATP to ADP. . \ 

e. ^ The temperature of the human body,. 

\ f . The kinetic energy of a' rol'ling ball. 



3. Plantfi produce glucose* from .carbon dioxide an(| water by photo- 
synthesis. (This pr6ce*ss is* also - the mai.n squVce of the oxygen of , 
oxir ^itmpsphere. ) • 

' ' kcal 
6 +: 6 H^o . CgH^2°g ^ ^2' / ^«r = •'^'^^>ole of glucose 

a. ..Is photosynthesis exothermic Ca^endotherihic? " ^ 

. b, • Is energy conserved in the process? 

d. If it is released,, in what form? If it is absorbed, can 
you suggest the source of the energy? (In other words, where wouTd 
plants get energy for production of glucose?) " . 

4; Ten grams of fructose (^^^12^^) ^^.^ oxidized in a calorimeter. 

; . .^>6«i206--^^^ ■ : 

The calorimeter contains' 3.75 kilograms of water, and the reaction 
raises the temperature of the water 10 "C. . • 

a. ilow much Heat is released by the. reaction? 

hg\ How much heat is\ released jper gram of fructose? Express 
your answer both in kilocalories and in nutritional calories. 

' • ■ ■ ■ . ' • • 

c. If fructose is first converted to. glilcose , and then the 
glucose is oxiciize^,- how much energy is released per gram of ' 
fructose? ^ . . 

5. The combustion of octane produces CO2/ and 1303 kilocalories 

of- energy per mole of octane. „ ' 




. Vis "*" °2 "^^ - CO2 +.9 + ;1303 kcal 

a. . What is AH for the reaction?. 

r ■ . , ■ . .'Si 



b. Is the reaction exothermic or endotherm^c? 



c. What is the molecular weight of octane? 
weight of C = 12; atomic weight of H = 1.) 



(Use atomic 



d. How many kilocalories for 'nutritional calories) are prb- 
duce(^ per gram 5f octane? ■ ' ^ 

6..' What are the two different ways in which respiration is defined? 

7. a.' What is accomplisheql in glycolysis? . In the rest of cell 
respiration? . • 

b. How is^ the overall process related, to nutrition? ' , 

V ,■, 20i ■ 
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8-. What role <Jb each of the follej^n'g pl^y 




a. •enzymes 
vitamins 




cell rest).iration?* 



\c. ;fat& V 
, d.: organelles 



. 9. . What is -the- Relation betwe.en AHp and -the position of an 

. eqttaiibriuin? « ' ' * * 

■p. .■ ; ' •• • ; . , ' 

10'.* Suppose* that Ifctiere are more 
.'equilibrium point of a reatJtion. 
. 4bout the "following? V 



r;&actants than products at the 

What can be inferred (if any\:hing) 



a. 

■i 

b. 



AH. 



J. ^Considei? the hydrolysi's Qf, ATI>, ^ 

a. write the. equation,. for this jreactibn-. 



c. ^-^^xothermic.or ^dpthermic , 

d. ^' tate at which the reaction proceeds 



* .4 "3 



h-. Why is this reaction biologically " ilnportant? 

< .■ • ■ ■ ■ ■ 

c. Is 'the reaction exotherfnic 'or .endo'thermic? 

• ' . ■ ■■ . . »■ ' 

d. What can be stated about K^^? ' ^ • ^ . 

12. Giv*e examples of different kinds of equilibria. "Which .pf these 
aire dynamic and which are static? • " o 



13. '" Do ^11. individuals need the same amounts of all nu1;rients?, 
Explain. 



14'. : In "What form is most dietary sodium consumed? Which . foods are 
particularly rich in sodium? - ♦ • , 

» ■ • ' ' 

15. Which minor ailments may be the result of some foods we eat? 

16. ' Why is it particularly important to lessen the amount of 
saturated' fatty" acids in our diet while increasing our intake of 
polyunsaturated fatty aoids? . . v . • _^ " 

17. Name five foods which are likely to be rich in saturated fatty 
acid^. ' . - ' . ' ' 

18'. .a. What is the importance of roughagesih the diet? 

■ ■■ ; ''^ -I .. , ^ ^ , ' ■ . ^ . ■. . _ 

bi Which too^as aire" good" sources of roughage? 

■ • " ■ , » . . ' ■' ■ ' . ■ ' . ° 

19. What is diabetes mellitus? , 



20... Is obesity an^illness? Why? 



2 J. ' *.Whht is the first principle, of losing weight? 



80 
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SECTION 34: FOOD AtJD - WATER^ORNE DISEASES ^. 

34-'l- Tl^e L6ndon Epidemic of 1«854 ^ ' , ^ 

Why were so many peot^le getting pholerd? 

«< . ■ ■ ■ ' . . . ■ ' • ■■' ■ 

The. year was 1854, the place London'. A severe 6pideDd.c of 
intestinal disease called cholera had occurred. People were V 
suffering, from ^severe intestinal cramps, fever, and diarrhea. v 
The water loss from the body because of the diarrhea was so seVere 
that jjeiople were dehydrating * badly . No one knew what, caused it 
and hundreds w^re.dyingf but a shrewd physician. Dr. Snow, had 
' an idea. He got hold of a map and marked the 'streets containing 
' the - homes whjere people were sick.. This led him to notiqe sometlting: 
first r most: oi the* homes were in the^ same section j^f London, and 
secondly, most of these Ijpmes surrounded a . water pump on Broad 
Street. \ (In those (^ays, mpst city dwellers had to fetch their 
water frc*n a pump in the street.) Dr, Show reasoned thai^ whatV 
ever.it was tha,t*caused cholera was in the water from that p\lmp, 
and ^that when jfeople ^ drank it,, they got -sick.. When the pump was 
of ficially * Closed, down at Dr- Snow's prompting, the epidemic end,ed, 
dn^ Dr. Snow was a heroi • 

I,t-was the first time in history, that a diseeflse was definitely 
shown >to be transmitted in dritiking water. Today, we know that 
cfio'ie'ra is caused by a bacterium called vibrio cholerae. - 

This -story illustrates our new subject: , food and waterborne 

diseases. It is the subject of this and the next^ ^veral sections. 

Most of the diseases thajb come from food and water .are caused by . 
. microbes, "which is the name given to microscopic living things, 

such as cholera bacteria. But we must not overlook the fact that 
. chemicals in our water supply and food may cause disease p^roblems,' 

too. These come from the chemical pollution jof water, and possibly 

from ^he \^hemicar additives "u&ed in manufacturing foods. Lastly, 
'•we will consider how the altering of foods, during manufacture, Such 

as 4by canning, ' changes the makeup of nutrients, and how this is 

related to health. 4 

' ' 'All of these subjects will be explored in this sequence of 
sections. First, in this section and thQ next one, the diseases 
caused by migrobes in food and water will be examined. 

^ 34-2 Good Bacteria, Bad Bacteria . 

. . • ' : ' ' ' '. '~' ■ ■ ■ ■ " 

• ' - ■ ■ - ^ ' ■ ' ' ' y • ■ ' 

. ' How^many bacteria are xnside us? . 

■ " ■ . ; - ■ , 

Epidemics -of diseases carried by food and water 'once caused 
great. suffering in the U.S. These epidejnics included cholera, 

• typhoid fever, and badi liar y dysentery,^ll caused by bacteria. 
Bapteria are one of the^ kinds of microbes. Other microbes include 

i viruses, and another type are the parasites, such as microscopic 

[ worms and single-celled animals' called " protozoa . 



Each class df microbes may cause disease. In the .study of 
respiration you saw that certain ba<;teria cause croup and pneumonia, 
;While viruse's cause influenza. * 

* . * * ■ ■ ' • ■ 

Mt)st of the diseases carried in food and water, such as cholera, 
are caused by bacteria. This gives bacteria a bad name to most 
people. But very few of the many types of bacteria cause disease. 
In fact, many 'bacteria are important to us. They are found wherever 
there is life — in the, soil, the ocean, the air, food, water, and 
evien inside us. < 

Your digestive tract is loatied with harmless bacteria. When . ' 
babies are first 'born they don't hava any—their digestive tracts 
are sterile . But in a matter of days, the harmless bacteria that 
enter the- gastrointestinal tract with the baby's food multiply 
and, remain. How many are there inside? The stomach has few because 
its acid kills most of them. The large intestine, on the .other 
hand, has many — about 100 billibn bacteria in every gram of contents! 
Jn f^ct, feces are about l(r to 20 per cent bacteria. Some of the 
"bacteria inside us do things, that are useful. They make at least 
two vitamins: vitamin K and folic acid, '(incidentally, tjhese , 
vitamins are exceptions to the rule that vitamins are obJ;ained 
directly from the diet.) 

Some kinds qf bacteria even make food. Cottage cheese is made 
by adding a culture of bacteria with the name streptococcus lactis to 
milk. (Figure 1. ) These bacteria quickly multiply and^make lactic 
acid, which liiardens the protein in milk into' cheese. And in case 
you ever wondered, -the holes in Swiss cheese arei formed by carbon 
dioxide gas bubbles given off by certain bacteria. " . \- 

streptococcus lactis , lOOOx 



FIGURE 1: Thp microscopic appearance of two bacteria. :' 

34-3 How* Are Foodboyne Diseases Spread ? 

We've just considered the fact that our gastrointestinal- tract 
is normally loaded v^ith harmless bacteria. Sometimes, however, 
disease-causing bacteria enter a person's intestinal tract. When 
they leave the body alolig with the feces, and if these feces 
contaminate food or water, the dise.ase may spread to other people. 
(You may recall that this .vas the problem with" infectious hepatitis. ) 

For example, epidemics of cholera and typhoid fever can occur 
when feces from sewage contaminates the drinking wate^- supply as 
had occurred on BrOad Street. And, in tjie case of contaminated 
rivers, liikes, and beaches, fish or other animals caught in s^u^h • 

' ■ ■ ■:' /: ■'. . ■ . „ . ■ ■ ■■ # 



vibrio cholerae/ lOOOx 



waters may al«o con£ain the feacteria. This is^v^hy there 'are . - 
stridt laws governing the sanitary quality of drinking water, and 
Why warnings are posted near %pntaminated j3bdie^ of* water. ^ 

* Another potential source of infection is milk. Milk normally 
contains harmless bacteria, but to kill any harmful bnes that may. 
be present, the milk is pasteurized . T^he usual procedure is to , 
heat the milk to 63 "C and allow it to cool .slowly . The \hgrmf ul ■■ 
bact-eria, such as 'the ones that cause tuberculosis, are killed 
in this way i but many harmless ones remain ip the milk. Pasteuriza- 
tion does not sterilize ,milkJ * It makes it sanitary .. 

But most foodborne disease comes from fecal contamination. 
An outbreak of Salaonella disease (which has nothing to do With 
salmon — it's the name pf the bacteria,) once occurred because eggs 
were shipped , in the same truck used to ship infected animals. A, 
tiny bit of the animal feces got 'onto*. the outside of the eggs:^ 
Bacteria may also be spread by flies and oliher insects which touq^ 
feces and then land on food." And then there was the case of Mary^ 
Malldr^, better known as "Typhoid Mary," a cook whos^ food resulted 
in 51 cases of typhoid fever. » She was not sick herself/ but the . 
typhoid bacteria were .living in- her intestines.. As a result, she 
,was a ^constant source of infection. She transferred the bacteria 
while cooking. She was wha^is called ^' carrier , someone who is 
not sick but who harbors disease organisms. More strict food-hahdling 
laws have rriade "Typhoid Marys" a rarity. . - 

34-4 Symptoms of Food and Waterborne Disease 

'How do we recognize harmful bacteria in the GI tract? 
■ " ' ' \ ^ .. ■ ' ■■ ■ ■ 

Disease-causing bacteria from 'food ^^r water cause .severe irrita- 
tion to the intestinal wall either by attacking it directly or by 
secreting poisonous chemicals called toxins . A person will ^start 
to feel sick from 2 to 24 ho6rs after ingesting the bacteria. AS - 
the intestine is irritated^ the person ipay experience intestinal • 
cramps, nausea, vomiting, loss of appetijie and/or diarrhea. People 
don't always expedience all of these symptoms--'sometimes only one 
of them. Sometimes' there is fever and headache, too. 

In cholera the diarrhea is so severe that i|y causes dehydration. 
The water balance of the body is disturbed. It' is treated by putti% 
fluid directly into the bloodstream. Before this technique was 
developed, maiiy' thous/ands died of this dj^sease* 

Gastrointestinal disease can be caused not only by bacteria 
but also by -protozoa arid viruses'. Infectious hepatitis, covered 
in Section 9, is ijn example of a viral disease. Thip virus is present 
in the' feces of infected individuals and may be fourtd in water 
.contaminated wi^h sewage. Arid then there's the common viral stomach 
"flu," which can result from several different viruses . Its symptoms 
are similar to those of the bacterial dise^^ses, and also include 
weakness, dizzinesS|. and muscular aphes. 
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inipg" be prevented? ' . 

tates, food "poisoning'* is the most common 
disease. Typhoid fever and cholera sby com- 
aXthouCT|i they sontetimes cause severe epidemics 
feuntries. There are 'two main mechanisms of 

• . ■ . ■ ■■ ■ ■. •■. 

a grow/ing in the food produce a toxin which 
tiract. Iihi^ is Viow staphylococcal bacterial food 



rjl^a attcLck the GI tract directly without /secriBting 
,l^jTCteriai, work this way. 



i)iing" badteria grow ii^^bd before At is eaten, 
disease occur^. A PW^le knowledge can help 
t' important fact is this: bacteria grow best , 
rature ranges. ^ This means that the best' way 
■from rilultiplying in food is to refrigerate it 
ppropriate temperature for a sufficient length 
poisoning is caused by three kinds of bacteria. 
4ts themT and the kinjds of foods they usually . 
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out of the refrigerator even for a few 
ing bacteria enough time to multiply into 
a large\ enbugh number t^.o cduse trouble. - In the next section, we 
will exaifline diseasle^ caused' by microbes other than bacteria. f 
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<.)^almonella enteritidas 
Salmonella cholerasuis 




Clostridium perfringins 



Foods usually 
Involved 



Custard or cream 
filling in pastries^; 
cured, processed, or 
leftover meat; potato 
salad; V cheese; and 
milk 



Egg^ salad, cream 
in bakery goc:)ds7 
ground meats. 



Meat arid poulty 
dishes, gravies, 
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What causes most food and waterbdrne disease? List three major types 
of microbes. ' 

\ fiame a useful function performed by bacteria within the human body. 

How did ^Typhoid Mary'** transmit typhoid fever? How might the^e cases 
have been preveifted? . 



Vocafbulqry : » ' * / 

carrier — a persorj or animal who carriesV and may thqi^re fore spread, 
disease organisms ^without being isick himself . / 

•■•■/.' . 7 , .■ . ■ ■ . • • • 

gulturer-population '^of microbes grown on a medium. . 

microbe (MY-krobe) — a microscopic living thing,/ such as a bacterium, 
• \firus, or certain worms. - 

pasteurize (PAST-you-rise) ~ ^to make milk or other food products 
sanitary by heating. / » 

protozoa — pRO-tuh-ZOE-uh) — ^^single-celled animals. 

sanitary — tree of diseaise-causing microbes. Sanitary things can 
still have harmless microbes. , 

sterile — free of all microbes, even harmless ones. 

■ ' ' ■■ ■■ / ■ / ■ ■ ■ ■ ". ■ ■ ■ . . 

toxin (TOXTin)— ^a poisonous chemical made by bacteria or other, 
living things, such as plants/* snakeg, and scorpions. 
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SECTION 35: PArXsI^I.C DISEASES . 
35-1' Case ^isto^';/^,iO,f!!frichinodis, a Paras^itic Disease 

What caused/ Jir^' s 'oramp$? • v » » 

' ■• ' • • . ' ':r ' •• 'r ' ■ '• ■ •• •' 

As Jim ikt in Dr.' Rogefrs' waiting room, he wondered. It 
had started tft;j^ee weeks agoi diarrhea, fever, cramping pains 
in his int^^tines, and nausea.* He had gone to see Dr. Rogers ^ 
back then and the medicine he had given him Jiad made it better... 

for a whpLXe,^^ . ' " 

Now, hei Was back to see the doctor again. He still had 
gastroiiite^tinal problems: the cramps had never quite gone away. 
And in /tiiie' meantime his .eyelids h^d Swollen, his eyes hurt and 
his tongue hurt when he; moved it. The fever was pretty bad, too. 

.^jirn told all this to the doctor. ' „ . 

■ ^ ■ ; ' ■ ■ : 

"Let* s ^lave a iook, " said Dr. Rogers. He examined Jim's 
swollen eyeli'ds. His eyes looked very inflamed--the whites were 
bl'oo^bhbt. When he looked in.Jipi's mouth> there were tiny red . 
spgtai 0n th^funderside of his tongue. Everything else in the 
exam' Was normal. 

■ ' - ■ \ ■ ■ ■ ■ • 

"Coul4^e some virus," said the doctor, "but somehow I don't 

/think so. ^e'H do some lab tests. F;Lrst a CBC— that is, a 
complete bloo(^ count. It'll t'ake an hour and a. half for the re- 
.sul^tsf ,to come. In the meantime we'll give, you aspirin for the 

■discomfort and fever . " . ' . ' . . 

'■ v/^ ;///, • ' : ' ■ ■ ■ ■ ■ . ■ . : , ■ ■ ■ • ■ . . . ■ 

: /' ' ' Jim had a blood sample taken and then sat around in the lobby 
li'ooking at magazines. A while later he was back in Dr. Rogers' 
/•offiqe.- . . ■ 7 - 

"Ijooks like something significant in your blopd here," the 
doctor saidt "Your blood has an unusually large number of eosino- 
phils.^ ^hi6 kind of cell increases in number in an allergy." 

"The swelling around your eyes could conceivably be hay 
.fever, , or an allergy to sbme^food, or maybe you have poison oak. 

i u ^ ' ■ ^^f"* dins^eTCQdi Jim. "Not as far as I know^ " • . / . 

if > . The doctor thov^ght a minute. "Well, the number of eosino- 
■phlls also increases in diseases cause.d. by parasites. For instance 
ttiere's one type that comes from eating pork that's not cook«y^ 
..^Ough.-" \ ■■ ' ' ■ '% ■ ■ ~ ' ■ 

"Love eating pork. Jyst *a few Weeks ago, in 'fact, I went 
t<j>' a barbecue at a friend's house. Th6y raised^the hog themselves 
.ari?a butchered it. They live out on a small farm."*. 

"Well, we'll test you for parasites. It'll call for more 
•blood satnples and We'll also run a test on your, feces." 



The next day Jim was back at the doctor's off ice« 

• "One of the blood tests is positive. What you've, got isn't 
too serious though — ;it'll clear up with medicine in a few day's.. 
Looks like a case of trichinosis-.-that ' s when certain microscopic 
-worms invade your intestines and then other parts of the body; — in 
youir case it's the eye muscles and the muscle tissue in, your tongue, 
which is why there's pain and swelling there. The worms are called 
Trichinella. We searched for other kinds of parasites In your stool 
specimen but there was nothing. You're not the only one who's got 
it, either. I just got a notice ^from the Health Department. Seems 
a few cases of trichinosis have turned up lately. Anyway, wdi'll 
give you a drug' that kills these wotms. I bet. you' 11 be feeling 
a lot better in a few days." ' 

''I feel* a lot better already. Doc," said Jim, "But I never 
would^'ve expected' worms. " 

35-^2 ^he Life Cycle of a Para sitic Worm ^ > 

■ " '. ' ~ " — 

Hon did the Trichinella worm cailsS Jim's symptoms? — ^ — ; 

It turns out that Jim's symptoms are easy to explain.' They 
result from the way the Trichinella developed inside him. The 
way- a. worm develops and reproduces is called its life cycle . 
(This term is used to describe the stages of development and re" 
production of any organism, including human. ) 

The pork Jim ate contained* tiny larvae — sm^ll and immature 
worms .(Figure lA) . These larvae are protected inside a case. The 
case" with its larva inside is called a cyst (Figure lA) . /(In 
medicine, the word cyst also means a swelling filled with fluid. 
We are not talking about thife kind of cyst here.) ' 
*. ' ■■ '. ' • ' ^ 

In Jim's gastrointestinal tract, the cysts dis\rolved and re- 
leased the larvae (Figure IB). The larvae then quicRT^y grew into 
adult's (Figure IC) anc^^the adults mated. After mati^ig^ ^ach adult 
-female gave rise to thousands of larvae in the intestines. 'This 
is when Jim first got sick with diarrhea, nausea, abdominal pain - 
^nd fever. • , . • » - #" ' 

These Ifirvae are equipped with sharp spear-like tips (Figure *1D) 
Using their tips they bore .through the intestinal wall and ent^r 
the bloodstream,, which carries them throughout the body. Then 
they, usually e'ltd' up in muscles* • (In Jim's case it was the muscles 
around his eyfes and in his tongue.) Burrowing into musples, the 
\arvae form cysts. This causes swelling, which is a common response 
in disease. At the end of their life cycle, the cysts remain in ' " 
the muscles, sometimes sfoj: as many as 20 years. The ,amo unit of in- 
jury done depends upon the numbers of cysts. Treatment with drugs 
kills them. \ 
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FIGURE 1: The life cycle of the Trichinella * 
. worm in the human. Magnified 50 times. ^ 

: ' • - r ' 

How did the pig that ' Jim ate get 'trichinosis in the first 
p lace? Pigs get trichinoBis the same way humarip do — by eating 
infected meat that hasn't been cooked enough* iToday^ laws re- 
quire that only .cooked meat be fqd to pigs.'^^^ 

•' ' . ' * - . • . 

At one time, 15 per^ cent ot the U.S. population had Trichinella 
cysts in their muscles. ^ Host of these people never even felt 
sick because they had so few cVsts. Today, less than 5 per cent 
of our people have, cysts, tW decline- in trichinosis has been 
diys to: 



1. 
,2. 
3, 
4. 



a decrease of trich^Qsis in pigs, ' 

4 decrease' of pork in the diet compared to beef. 



better freezing methods'^, which kill 



the 1 



arvae 'in pork. 



increased acceptiance of the importance of cooking pcJrk, 



\ 
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Pork should be cooked so that the meat is heated to at least 
'C (131 "F) throughout. One way to tell whether pork is 
properly cobked is to make sure' the pink color deep inside disappears 
and becomes brown. (Ham, of course, remains pink at mu<^Ji higher 
temperatures.) There is no practical way for"tt\e food, fi^ocessor; 
or farmer to inspect 'pork for cysts. As a result, mucifh 'of the 
responsibility for prevention. rests with the consumer. 
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% One fin^l point: the Taljnud. (an ancient book of Jewish , 
laws) forbids' the eating of pork. This tradition may have had 
its roots in preventing trichinosis. / 

35-3 What Is a. Paras itgi ? ' / ♦ 

TrichinosisiiS'One of many diseases caused .by par^ites . A 
parasite is an o^ai^ism that, lives in (or on V a ."host" organism, 
and obtains , a benefit without providing any benefits in return. 
For example, a worm that livesv in a person is a parasite since 
worms confer no benefits. So are bacteria which are of no benefit 
aihd live in a person. Other parasites\nclude' viruses r protozoa 
and fungi (simple, non-green plants). Folt our purposes , the 
word "parasite" will be limited to worms, protozoa and certain 
insects all of which are animals. v 

Parasites commonly enter the digestive tract with food or 
water. Most of the dangers t^om such parasites have been reduced 
or eliminated in the U.S. by .improved public health practices, 
.but parasites are still a major problem in much of the rest of 
thei world. For example, it. is estimated that more than a third; 
bf \he people in Asia, South America fend Africa have worms. 

• * ^ ' 

\Parasitic worms in the intestines seem to-be well off- — they 
ate bathed by food that is already partly -digested . And they 
themselves are protected from being d^igested by a thick, resistant 
outer Coat called a cuticle. > ' ' • . 



" Several parasitic diseases are c alas el by worms and protozoa. 
They may come, from eating food containing the organisms or from 
putting contaminated food, drink or utensils into the mouth. Feces 
are one source of contamination, just as in hepatitis. Cysts may 
4lso be^released into the environment from dead and decayed animals. 

-35-4 Tapeworms 

How do tapeworms parasitize people? . 

• "-^ ■ «^ ■ . - • ■ . ■ . : I 

The tapeworm is a parasite that must live^ in the intestines r 

of man or a;iother animal.. It lacks tWe enzymes necessary to 

digest nutrients itself, so it lives in the intestines of its 

host , and is surrounded by digested food which it absorbs. ., 

Figure 2 depicts . a tapeworm. On its head is a series. of 
suckers. Some species have a ring of hooks too. The suckers and 
hooks allow a tapeworm to cling to the wall of its host's irites1:ine, 
thereby preventing it from being carried along with the food moving 
through the intestine.. ' ; ^ • ^ 
- • ' ■" ' ■ ' ■ ' . " ' ■ 

Below the head of the tapeworm is itjrs neck. A series of flat, 
nearly square sections grow f roras^he ne^k. i.» These ^sections may • 
Ixtend the lengtliN^f a tapewotm tb as much !as '30 feet. They contain 
the worm's reproductive organs. Eggs form in the, sections, and v 
as the eggs matilii/e, the sections separate from t(i^ end of the tape- 
worm and are eliminated in the host 's feces jJhis As how the eggs 
are spread. \ ' 



. , ^>IGURE . 2 : A tapeworm. 

• . ' ■ , * f \ • ^ 

As with trichindsis, people get tapeworms by eating infected - 
meaPt that is undercooked. Such meat — it may be beef, pork or 
fish — has tapeworm cysts. Each cyst contains a tapeworm head. . 
In the human intestine, thai head is released from the cyst and 
attaches to the in€estine wall. Unlike rrichlnella/ most tapeworms 
dp not migrate to the persoiVs muscles; they remain in the in- 
testines, sometimes for years. 

Since tapeworms, obtain their hourishment from their host, 
a person with this parasite may lose weight and vitality. The » ^ 
- worm Vs presence may also irritate the gastroi/ntestinaU tract , 
causing pain and diarrhea. Diagnosis- of a tapeworm infection de- 
pends On examining the feces of the patient for worm sections 
and eggs. ■ ■■ ■ - ■ • 

Treatment involves drugs to kill the tapeworm. It is necessary 
to remove the entire worm, because if the head is left attached 
to the intestine^ the whole worm will 6rrow larger again after 
i two pr threie months. Most drugs are directed, at killing the head. 
Once tjiis is accomplished, the worm passes out with the feces. 

/Meat is regularly inspected for tapeworm cysts. Nevertheless, 
to be safe, beef and potk, and in some areas of the U.S., fish, 
must be cooked. Cooking throughout at 71 "C (160 "F) for at 
little as five minutes has been yfound to destroy cysts. Cysts 
are alsp destroyed by long per i©ds of refrigeration and by salting. 

35-5 Pinworm| ^ 

How do people get pinworms? > j . 

Pinwprms are probably the most commpp parasite afflicting 

humans. They reach their host from cPntaminated surfaces.' These 

include utensils, hands, food, drink, etc. Children are particularly 
likely tp get pinworm infection because they like to play in 

dirt and put their* fingers and pisher objects into their mouths. 



Pinwbrms look very different from tapeworms (Figure 3i) . 
iPeoplev usually children, get infected by ingesting th^ midro- 
scopiceggs. 'V .s:'' 

A few hours after the egg is ingfested it gives rise to a 
larva in the small intestine. . Larvae grow into adults. 

■ '■ '■. ''4p .' 

. within a month, adult female pinWorms . migrate to the anus . 
There they^ischarge their eggs onto the outer skiji. This migra- 
tion alwayjBjfccurs at night and produces the most noticeable 
symptom, whTch is itching ot the skin around the anus. 



FIGURE ; 3: Pirfworms, actual size. The larg^ 
pointed ones are females, the 
' smaller ones mskles/ E^gs are , , 
microscopic. • . 

■ , ■ ■' . ' ■ ■ ..0 ' 

■■ «. ■ , . ■ N ^ . ■ 

Pinworm is so easily spread by bedding and towels-^-anything 
that touches the skin around the anus-^rthat if ofe person in a : 
family has itV it isi typical to treat the entire family with / 
drugs: ' - .'^ ' ' y ^ 

35-6 Amebic Dysentery - ,/ / 

How do people get amebic dysentery? ^ 

' ... . ■ ■ ' ' ' ■ 

An ameba is a tiny protozoan (Figure 4 ) . Aft ameba has -no 
front or back; in fact it hais no, permanent shape (Figure 4) . It 
moves by pushing against its cell membraner forming a projection 
called a pseudopod (Figure 4), The rest of the ameba follows 
behind. Repeated extension of pseudopods results in movement 
resembling crawling. ; . r /\ 

Pseudopods have a secA^jJ use: they can engulf food particleis 
(Figure 4). . In this manner an ameba obtains nourishment. \ 




e ■ 



FIGURE 4: Amebae, mult;iplieA l^OOg times 
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. . Sometimes, pe)5ple who' travel' learn about an aitteba the hard 
way/ by contract ihg\amebic dysentery. They contract thi;s ameba 
by eating microscopic, cysts^ Cysts- can enter the mouth on the , 
fingers, or witih food\and water contaminated with infected feces. 
Even careful peopi'b soitietimes' get dysentery from^ brushing their ' 
teeth with cotitaminatoedS/ater". Cysts are resistant to the acidic 
juices of the stomach andy pass to the lower part of the sma-^1 
intestine;. Here the cyst vail disintegirates ancl. the amebae are 
released. If the amebae g now in the wall* of the intestine they 
injure a portion of the intestinal lining, causing severe diarrhea 

Sometimes, an amjebic infe<xtion is not noticed for wieeks or 
months after b,eg inning in the body. The person may become overtly 
ill long after returning home, wi^h the diagnosis far from obvious 
Drugs are used .in treatment. 

■■..-» ^ ■ . 

V 

Amebic uiysentery occurs throughout tha world, but more fre- 
quently in tropical climates. It cah'be prevented by washing 
fruits, cooking vegetables,, and either using uncontaminated water 
or, when in doubt , adding iodine cap^leis to the water or boiling 

it. • ■ .. « . ^. ■ . ^ . 

What is a parasite? \ - 

•. ■ ' • * ' • 

What effects does a tapeworm have on an /infected individual? How are < 

tapeworms eliminated from an infected person? How can We .re3\jce our risk ' • 
of ingesting tapeworm cysts?' V ^ • 

What parasitic disease is characterized 'the Symptom of itohing. 
around the anus? . . 



It ca 



V What causes amebip * dysentery? , 
Vocabulary : . • ^ 

ameba (uh-MEE-buh) — a protozoan with an irre^lar^ ever-changing 
#hape. ~~ -^^ . 

cyst (sist)- -the stage of the life cycle of certain organisms 
during which it is contained in a hard case. Under the 
rigiit conditions, the cyst opens and the organism is 
reLla:sed. 

^ fungus (FUNG-qus) ""Simple plants that lack the>pigment^ chloropyll 
characteristic of green plants. The plural term is fungi 
y (FUN-jye). - 

infested — containing disease organisms, usually said pf food, 

water., clothing, or feces, when they contain the organisms. / 

larva ( LAR-viih ) — tjie immature stage of certain animals such as 

insects. It is oAen smaller than the' adult. Caterpillars 
are the larvae of butterflies . 



l»Lfe cycle — -the 'stages of development of an organis|{i| ' 

parasite (PAR~uh--sitel ---a livirlg thing that deri^r^Ji^'a benefit r ' i*^ 
* ; such as food , f roiii a host, wi'thout prpvidi,i^;:any benefit 
■••in return. - 



SECTIQ^J 36 : WATER PUJUFICATION j / , •- 

36*i Cont:rolling Bacteria in Drinking Water 

■ " ■ - ■ • V - ■ • ■ ' . ' . ■ '. ■■ ' '■ 

How is drinking wat,er kept free of harmful bacterial' 

During; the late 1800 ' s water purification became common 
practice. ' Epidemics of bacterial diseases spread by 'Contaminated 
v^ater led to pur if ication,,' of drinking water by various means 
But the water treatment that control dangerous bacteria 

today were not designed to control another factor that has be- 
cpme important in recent'years: pollution by chemicals. We will 
consider this problem shontly, but firsls»we will consider the 
steps :taken -to rid water >cyf pathogenic ' (disgiase-causing) bacteria. 

I There are several ways to make sure water is safe.' First 
wa^er is subjected to purification at treatment plants. It is 
first allowed to sit in large ftanks, of tea 100 or moi:e feet across, 
so that particles, including some bacteria,, will settle to; the ' 
bottom. Then ii^ is filtered thorough Sand, which filters out 99 
per cent of the - remaining bactei^ia-. Water treatment plants then ' 
add chlorine to kill stiH more Jji^cteria. Secondly., in order to 
maintain the safety of water, public 'health officials make sure that 
treated' water is not contaminated with feces. Recall that such 
waste prpducts are a common source of disease. ^ * ' 

It is generally impractical and unnecessary to sterilize our 
drirlking water. Drinking water may be good even though .it con- 
tains spme non-pathogenic bacteria. Remember , your inte^ihes are 
loaded^with bacteria. . . . « * . 

To make sure water is safe/ drinkipg water is periodically 
tested for the presence of Escherichia qoli, a bacterium found in 
feces: I^ thelse bacteria are present in the water .ii>' higri amounts, 
it means the water has been contaminated by feces, in such an * 
event there's a chanCe that pathogenic bacteria from the feces" 
may also be present, and the water is declared unfit.?* 
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3 6-!- 2 Chemicals, in br inking Water ; 

Are there any links bei;:\i/een drinking -water , and cancer? , 

While most communities have drinking water free from pathp"genic 
bacteria, there are other problems. As^a number. of comtaunities 
have recently learned, metals such as lead and mercury may be 
found in their drinking water . In farming regions the w^er often. . 
pontains trace l^mcuqts pf insecticides. It iife , possible fSsr 

r • , ■; ■ • ^ ■. . • . . ■,■ •'. ' ■ . • . ' , 7'', ■ ■• ■ -, • 
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viruses to pass through community water treatment^ plants and 
cause outbreaks of disease, espedially hepatitis.. Th^re is no 
monitoring process for viruses'. V 

\ # THousdnds of 'Vfarg ago man could ^ilmost always count on a 

water supply fr^e from toxic chemicals.. As technological advances 
were made| the ^^astes of , industry were discarded into 4±e air and 
,watter.,. At the present time, water is considered safe 'for drinking 

>. if i"t won't cause'typhoid, cholera, or oliher bacterial diseases. . 
However, there are also indusl^rial compounds that may ent6r our ^ 
. -^^__w^ter ' syjsteflii such eis chl^oroformf benaene and ether, 'which me\y 

catisei,, cancer . Not all of , these copi|>ound§' enter our water directly 
as'waste products. Chloroform, for example, is formed a*s a result 
'.. # of qhlorine r^cting in the water t- Water is not usually tested . 
■for these compounds, yet they have been found in the water ip 
mai^y communities. Of course, the amounts of these substances in 
the water are f ar less, than the amounts that have been shown to 
produce cancer in* experiments with animals, but it still brings 
intp.question their effects on people who drink small -amounts » , 
*daij.y for many i^ears. * 

A study of thd water supply of New Orleans, which comes " 
" * from the Mississippi River , '^as conducted by the Federal "Enyiroii- 

mental Protection Agenc^^ (EPA) . It revealed that s^^veral khown ' 
. cancer-producing agents were present. • These chemical agents in- 
, elude insecticides, weed killers, coal tar, oil and dther petroleum 
JirodUQts as well as many -other chemicals used in industry.. These - 
\J Agents* enter the Mississippi River from rainwater as it washes 
% ■ • agricultural cb^emicals into"^ streams and from accidental oil spills, . 
. . as well as industrial wastes that arfe dumped direct^l^ into- the . 
.ri<rer, : ' " ' „ '\- ■ _ 

^ ' . ■. v ■ ■ . " 

, ; Fijnally, even pure water may have its nazards.. While /the 
evidence is conflicting , studies have indicated a poas^^^le link 
^ •between mineral-free water and cardiovascular disease. As a re- 
sultir some communities in Great Britain ha^e ^stopped removing, 
minerals from their water. / . 

*Wa/n6 thr^ baaterial diseases which can be transmitted by contaminated 
" water,. - ■ .'^ ■ . . • " * . ^ . . ' ■ 

. ' Jtow is water 0ri£ied? " ^ - . ■ " ■ ^ ■ ^ ■ 

r Name three chemical contaminants^ dikely^ to appear in drinking w^ter . 

• . . ■ ■■ ■ ■ . . ■ . ■ . ■ ■ . . . " . 

Why can^t w0 ^9}i for certain that contaminated drinking' water causes' ^ ' 

increased cancer death rates? /. - 

'^^V... ■ /■ ■ ' ' ■ - V ''^ / .. -r ^\ ^ • • . . . 

• s. /?OJir can the amo\xn0^f contaminiints in our waier.be lowered? 

Vocabulary " "' \ ^ . { 

■ . . * ' ' ^ ■ . ^, ■ ■ '. ' ■' -^^ ' ■ ''\ ■ 

pathogenic (PATH-o-JEHriJ^) — capable of causing d-isease; usually* 
^ • saiQ of' livifig things svTch as bacteria^ viruses ^ etc. 
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, SECTION'^?: FOOD, PROCESSING , / ' • . . , 

• ■ * . ■ ■ . . " ■ . . ■ 

37-1 Why '4.S Food Processed ?., ' 

■ . • p i\ ■ • ♦ . ■ . • ■ 

Food j^rocessing is ahy treatment a food receives between 
being grown' and being consumed. More than 95 per cent of our 
food is processed in one way or another. Procdissing affects 
•the nutritional value of food, so we will devote this section to 
a st.udy of food processing: why it is done, how iij! is done and, 
what effect it\ha$ on the food we eat. ' * 

Food is processed for a numbej: of reasons. Many foods are 
conta'hiinated with ^either pests or pesticides / which must be re- 
moved tp make the %^ood safe to eatr* Some foods are more appealing 
to consumers when E|roci5Ssed;' For ^example^ most people prefer ' - 
white isugar to raw sugar; A third reason to process food is':to 
preserve it. Foods are often shipped l%)ng distances arid stored 
Jor long periods of time. Canning ^ freezing^ dehydrating ^ milling 
"and simply wrapping ^re all done to preserve food until it is 
eaten/. . 

# 

•^'People in the United States have come to rely more and more 
on packaged foods^ becSause they are easier to prepare. People 
often select quick snacks, and highly processed fooc^s such as 
frozen dinners. - Since processed foods have become so "popular/ it 
is important that we know the effects o^ processing on the nutri- 
ents in these -foods . ,e 

37'-2 Cereal Refining 

■.. — ' ~^ T""^ ' ' ■ . 

What happens to the nutritional value of grains when they are refined? 
■ . ■ ■-. ■ ■ . ' ■ ^. 

We get the word "cereal" from Ceres ^ the Roman goddess of 
agriculture^ grains and the harvest. Cereals are not restricte;3j 
to packaged breakfast foods, but ihcude all grains used as foods. 
The common cereal grains are rice, wheat/ corn, oats, rye and 
barley. * 

Rice is ^the Inost frequently consumed grain, largely because 
of its impo^rtahce' in .the/ diet of Asia. Corn is the most popular ' 
cereal in Latp.n Ameriea, while wheat Is thfe most popular in the 
United States and wiestejrn Europe. 



, A typical cereal grain is between 70 and 80 per cent carboh]?^r- 
drate, of which a small portion is indigestible cellulose. The 
protein content varies from 7.5 per cent to almost 15 per cent, 
^and a grain may be as mu6h as 1 per cent minerals. Grains are not 
important sources 'of vitamiftS.A and C, but they can be good 
sourceis '0# B vitamins and iron. 

The quantities of these putrients that we. actually receive 
from thei grains in our diet depend upon how they are processed. 
To understand the processing of cereals, it is first necessary to 
know a' little about the anatomy of a grain. A cross-sfection of 
a wheat grain is illustrated ^s an example, but the parts of other 
cereal grains are siinilar. A grain contains three types of cells, 



. whlciy may be separated during fpropessing. 
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The outer layer of gra.in composes, the bran . Bran cells 
have thick walls of the carbohydrate cellulose,* these walls 
form a protective covering around th'e grain. The bran contains 
indigestible cellulose,, but it also contains protein, iron and ^ 
many B vitamins. The bran of a wheat 9rain contains most of thp 
niacin and much of the riboflavin and thiamin. It #3 also an 
important 'source of roughage or fiber in our diets, and is 
essential to goo<i digestion. • 

A second group of cells Composes the germ . Germ cells are 
rich in polyunsaturat^ed fatty acids and, other nutri.ents Fats 
in wheat germ are unstable , so the germ is commonly removed to 
prevent cereal products from spoiling or becoming rancid. (The. 
oil from corn germ is used to make corn oil and margarine. ) ^ 
When the germ i 9 discar^led,, polyunsaturated fatty acldd are lost, ■ 
along with most of the thi^amin, and also„ «ome of the niacin, 
riboflavin, iron, protein- and B vitamins pyridoxine* and pantothenic 
acid* •■ 

The largest part of a grain is the endosperm . The endosperm 
contains three-fourths of the protein in a graa.n and much fetarch, 
but only small amounts of vitamins and minerals. For example, the 
endosperm of . a" wheat grain contains only 12 per cent of the niacin, 
3^ per cent of the ribof lavin. Wnd 3 per oent pf the thianflln. 

White flour is made by grinding the endo^erm of wheat. ^ 
White flour itself contains inadequate amounts of several nutrients^ 
but nuti^lents may be added. The addition of nutrients to a food* 
is called^ f ortfif Ication . A food may be fortified by adding a ' 
nutrient briginally present but removed during processing » such 
afe- restoring. vitamin C to frozen orange juice. Or it may be 
fortified by^ adding a ji^trient not naturally present i^|.the food, 
«uch as adding vitamin D to milk. ^ y 

The^ Pood and -Drug Administration (FDA) has #sef % stafndairds 
for the additiotti of four nutrients to cereal products. If a flour 
or bread contains specif ied.quantiti^BS af iron, niacin, riboflavin 



and thiamin, it is called "^a^iriched." ?he standards of enrichment 
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are generally 'such t;h«6t an 'enriched product contains approximately 
the same amounts of, these "four nutrients as the unrefined grain 
does.' . '■■ ■ ■ ■ I • 

The .following table compare the PDA standards for enriched - 
wheat. flour with the quantities present, in whole-wheat and un- 
eariched flour. ' ' 

Nutrients in One Pound of Wheat Flours 
■' ■ ' ' ■ ' . •■■ 

Iron- . Niacin Riboflavin Thiamin 

mg • mg , mg mg 

: , Wholewheat . 15 19.5 .54 2.50 

Unenriched. 3.5 ' 4.1-^ .23 . " .27 

V (white) , : ... . " 



Enriched 
. (white) 



13 to 16.5 16 to 20 1.2 to 1.5 2 to 2.5 



Note that enriched flour contains sJfcr^il times the quantities 
or iron, niacin, riboflavin and thiamin that unenriched flour does. 
Flour is often furthei: enriched with calcium and vitamin D. 

Enrichment restores iron, niacin, thiamin and riboflavin 
lost*in processing, but FDA standards say ilbthing about other 
nutrients. Pyridoxine°, pantothenic acid, vitamin E, phosphorus 
and magnesium are removed by milling but are noi: replaced^-by 
enrichment. Pyridojcine and pantothenic acid are as essential to 
health as the other B vitamins are, and an excess of one vitamin . 
cannot compensate for tiie lack of another. . ' 

What' is true of wheat i^ essentially true of rifie also. The 
bran of a rice grain |.s surrounded by a hull. Which is removed. 
Further milling or "polishing" removes the bran and germ leaving 
endosperm, or white rice. ^ . 

Polished rice has an important place in the history of vitamins 
you may recall the' story from Section 20. Prisoners and chickens 
living* on .polished rice developed the nervous disordej: beriberi* 
Chickens living on the C)o:ptions l^of brown rice removed by milling 
did not develop berberiv This lad to the conclusion that brown _ 
rice contialns an ingredient removed during milling. The ingredient 
is thiamin;, polished rice contains less than one-fourth "iihe thiamin 
that brown rice does. ^ ' ' 

Unenriched rice is deficient, in thiamin and other nutrients,, 
but rice, like wheat, may be ertriched. FDA standards fdr enriched 
rice specify that it contain quantities of thiamin, niacin, ribo- 
flavin and irp;i comparable ^o the quantities in unrefined ridei 

'-Standards have also been set for enriching other grain pro- 
ducts, such as uorntieal, macaroni and noodles. (If a food is en-- 
riqhed, it is so labeied.) ^ 
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Over 90 per cent of the wheat flour and bread. consumed in 
this country is enriched. No standards have been established, 
however, for enriching 'breakfast cereals. A fe]^ years ago a 
presidential consultant on hunger studied 60 Rflfpular dry break- 
fiast cereals and stated that 40 were'so Ipyr iiT nutrients as to 
be classed as "empty calories." Possibly as i result of publicity 
stemming from this study, many cereals are now being fortified 
with additional nutrients. Iron, niacin, riboflavin and thiamin 
are commonly Added. „ • 

37-3 banning. Freezing and Dehydration 

^ What is the effect of canning f freezing and dehydration on the 
nutritional value of foods? 

Before 1800 few foods could be preserved for more than a 
short period of \ime. During the 1790' s tl^e French government 
offered a prize for a method of preserving food for the army. 
Nicolas Appert experimented from 1795 to 1809. In, 1810 he 
published a treatise entitled "The Book, f or All Households; or 
the Art of Preserving Animal and Vegetable Substances for Many 
Years." The treatise won Appert 12, 000 'francs (equivalent then 
to $2250) , which was a lot of money in 1810. / 

Appert Vs experiments involved heating foods in sealed con- 
tainers. Food was placed in bottles and stoppered with corks. 
The bottles were then heated in boiling water for several hours. 
In this way canning origina.ted. 

/ The principle behind canning was not understood, ajid littie 
improvement was made in techniques until 60 years latier when 
Louis Pasteur discovered that most f ood ^spoilage is caused by 
microorganisms. The high temperatures involved ir\ canning destroy 
or make inactive thk microorganisms that cause food to spoil. 
Canning also dehatute's any enzymes present in the food. This 
stops these enzymes from caftalyzing react ionjs. and prevents some • 
undesirable changes in food. Sealing a container before heating 
p"r events organisms from entering the food after it is sterilized. 

Unfortunately, air-tight canning does not prevent growth, 
of a bacterium called Clostridium . Clostridiuitt is ^ kind of bacterium 
that lives best in the absence of oxygen. This organism causes " 
a rare form of food -poisoning Jgiown as botulism. The toxin 
produced by »tl^s microbe is one of the most deadly poisons ^known. 
It hai^ been estimated that as little as 10*"7 g of this sub^ance 
can kill an adult. Botulism occurred more frequently before it 
was foftffld that this bacteriujoci can be destroyed ^during the canning 
process by heating to temperatures near 100 ^'C ff|r a certain 
period of time. But, this deadly form of food poisoning still . 
occurs; especially in Ipme-canned foods. ' , ' 

:' ' . ■ <^ ■ > T ■ ■■ f : ■■ 1, 

The obvious changes that occur when food is canned are change 
in texture, color and flavor* Changes may also occur in nutrient 
content. Some proteins and vitamins can be destroyed by the heat- 
ing needed to sterilize the fopd. Many foods must be scalded with 



hot water or steam before being'canned; scaldifig serves a number^ 
of purposes/feuch as enhancing the color of grden vegetables and 
softening tissue tu5 make packing easier. Wher, scalding causes 
cell walls to break (for example,* the Skin of fruit) water--soluble| 
vitamins may be lost. Many foo'ds are packed iii water or juice. ( 
If the water is poured (^ff before the food is eaten, water-soluble' 
vitamins and minerals are lost. 

The table below includes a comparison of the nutrient con1:ent 
of fresh peas and canned peas, fresh peaches and canned peaches. 
The numbers include the nutrients contained in the water or juice 
in which^th^ foods are packed, so if the ijuice. is drained, the 
values are less. ; 
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100 g fresh peas 


6.3 


.3? 


2.9 


.14 


640 


27 


• 2 


26 


100 g carried peas 


3.3 


.09 


.9 


.05 


450 


. 9 




236 


20 


100 g frozen peas 


B.i 


.27 


1.7 


.09 


600 


13 


115 


19 


100 g fresh peaches 




.02 


1.0 


.05 


1330 


7 




1 


• 9 


100 g canned (in juice) 


,A 


.01 


.9 


.04 


670 


4 




2 




100 g frozen peaches 


.4 


.01 


.7 


.04 


650 


41 




2 


4 



Canned peas and peaches have somewhat' lower quantities of 
nutrients that the fresh foods. Compare the amoupt of sodium 
in fresh peas and canned peas. Salt is added to many canned foods 
to improve taste and act as a preservative. 

Foods may also be preserved by freezing; Freezing kills only 
a small percentage of bacteria, but surviving bacteria are unable 
to grow, and their enzymes are inactive, at freezing temperatures* 

Frozen foods aref genei:ally closer to fresh foods in texture, 
appearance and taste t:han banned foods are (although certain foods 
cannot be fjrozen because ''or changes in texture, for example let- « 
tuce) . In addition, frozen foodsf^ are of tien closer to fresh foods 
>n 'nutrient content thtin canned foods ate. The vulues for frozen 

peas and peaches are also included in the preceding table. 

* • . . ■ • • 

Vegotablils are commonlY scalded before freezina. This can 
cause denaturation of proteins and loss of water-soluble vitamins. 
Frozen peas contain less proteiin and less of each vitamin than 
fresh peas, but more thaa cannied peas. Frozen peaches are com- 
parable to canned: peaches in ev^ry nutrient listed but vitavnin C; 



apparently the frozen peaches referred to in th6 food t^ible were 
■fortified with vitamin C. , Less salt is* usually added to frozen 
foods than to canned, foods. 

■ i .Freezing a food does not kill most bacteria but only inactivates 
tljetti. When the food is thawed, the bacteria become active^ agai'n 
ar^d aire abl^ to grow. For this reason frozen foods should be 
cqoked* or eaten soon after they are thawed. . '. 
V 4 ■• • . ■ ■ 

\ Dehydration 'is another method of preserving food. Dehydration 
is the removal of all, 'or at least most, ol the water from a food. ^ 
The a|3sence of wateK-> does not kill all the bacteria but causes 
the remainder to be inactive' until the food is reconstituted 
with water . . ' .. 

We cannot provide extensive nutritional information on freeze-; 
dried foods, l?ut to compare a dehydrated food to a food before 
being dehydrated, the following table gives the nutrient content 
of one c:up of nonfat milk and one^cup of milk made from nonfat 
dry.soXids. » ^ . « 
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1 ctjp, nonfat milk $ 


8.8 


.10 


•2 


.44 


0 


•2 


128 


298 


1 cup milk made from 
nonf at dry solids 


7.x 

\ 

0 


. .07 


.2 


. .35 


6 


1 


105 


•259 



Milk made from nohfat'dry solids contains almost the same quantities 
of nutrients listed as nonfat milk does. - * 

Dehydration is one of the oldest methods of preserving foods 
-(consider raisins^ jerked meat, anS smoked fish.) The development 
of < modern techniques fjMT drying foods, such as freeze-drying, 
got its impetus from the Army's need for food with minimum mass 
and volume, such lightweight f6ods are now associated with 
act;Lvities like backpacking. ^ ' 
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Water boils at a lowjer temperateare and evaporates more 



readily when the pressure is low. Fjpeeze-drying takes advantage 
of this fact. , 'A food ^is frozien and subjected to vacuum pressure 
which causes the frozen water to evaporate. The product is 
. generally different from that obtained by the process of dehydra- 
tion pY heating, and many foods that cannot be satisfactorily 
dried by heating can b,e dried while frozen under low presfsure. 

Whicti part of a wheat grain /i^ used to make white flour and white JbreadnPf 

Why should the other two p^rt:s of the grain not be removed?^ 

What nutri0hts are added when flour is enriched? 

What nutrients present in whqle'^wheat flour are not added to enriched . 

. flour.?; 

• Why does canning preserve food? How does freezing preserve food? , 
*f How does dehydration preserve food? 

Which Jiutrient do canned vegetables contain more of than fresh vegetables? 

How are nutrients lost during canning? ^ ' 

^Voca|bulary • ^ 

bran— the outer layer of cereals; rich source of "vitamins, iron, 
protein and fiber." ' 

\ ■ • . ■ ■ \ '' . ■ . 

endospym (EN"doe-SPERM) --the largest part of a cei;eal grain; 

~~~ rifch in starch and protein but poor in vitamins and minerals. 

fortif ication — the addition .of . nutrients to a food. ' ' 

f reeze-drying --a method of removing water under vacuum while a 

substance is frozen. , , >* • 

/ ■ ' ■ ' 

germ — the innermost layer of a cereal grain; rich in unsaturated 

fatty acids, vitamins, minerals, and protein; 



SECTION 38:, FOOD ADDITIVES AND HEALTH 
38-1 Food Additives . ^ . . 

» - • . ' ...... . . ... 

Da you JtnoKT vhat gum araiic is? Would you eat it? 

■ ■ • . ■ . ■ ■ . • .. ■• " . ■. .■ , 

Chances are that you consume gum araibic frequently, although 
yon may not know what it is or what it does to your body.. Gum 
arable, also known as gum acacia, is added to many of the easily 
prepared food products, such as cereals, prepared dinners, and 
powdered beverage mixes. Gum arabic ^is obtained from an acacia 
• tree of Africa and Arabia; it is tasteless, odorless arid Soluble 

\in water.' Cellulpse gum, guar gum and agar-agar are also added |;o . 
many of these foods. Why? That is one of the subjects} of this 
section^ in which we will discuss the various uses of food addi- 
tives. . We will also be concerned about possible health problems* 
linked to food additives; While the term "fdodborne disease" is 
^ gerieraily used to refer only to those diseases caused by micro- . 

organisms, we must not overlook the possibility that many food 
^ additives may also affect our health. ' 

An« additive is a substance added to a food diiri^ng processing 
or preparation. The substance_may not have been present in the 
food as it occurs naturally, or it may have been present in a 
lesser amount than in the product. Thus, when -milk is fortified 
with vitamin D, we consider the vitamin to be an additive, because 
it is not naturally present in milk. Similarly, when vitamin C 
(ascorbic acid) is added to processed orange juice, this vitamin 
is also considered, an additive even though vitamin C was in the-* 
original juice, . : 

When we consider an artificially created food product, however, 
. there is ncJ exact distinction between a food and an additive. Take, 
for example, a list of ingredients in ice cream. A typical list^may 
include milk, cream, sucrose, nonfat solids, corn syrup, artificial 
color, artificial flavor, stabilizer and emulslfier. We would prob-^ 
ably 'agree that milk and cream are foods. and that artificial- color 
and flavor are additives. But wha't about sucrose? Whether sugar 
" is an additive or not can be debated, but it does not matter. What 
does matter is the effect of sucrose on the taste of ice cream and 
its effect on the health of those who eat ice dream. 

J There are many reasons why substances are added to foods. An 
adcTitive may make a food more nutritious. For example, flour and 
bread may be enriched by the addition of* vitamins and iron. Milk 
may^be'-fprijified with vitamin D; aa^:orbic acid may be added to 
synthetic orange beverages*. " " 

■ ■ "■ * ■. 

oVher addiitives are used to preserve food. For example, sodi- 
um propionate and calcium propionate are commonly added to bread 
arid other baked foods to retard the growth of molds (fungi) . 

Two other common preservatives are butylated hydroxytoluene, 
commonly called BHT,.- and butylated hydroxyanisole , or BHA. Fats 



tend to oxidize'and become ran BHT and BHA retard oxidation ' 

and are add«^[ to many foods that contain fats, one example being 
saXad oils. - ■ 

* . " ■ • • • . . . 

Most additives are used to make a food mor^ appealing to the 
consumer. Food can be made more ctppealing by imf^roving its flavor, 
texture ,or colors The ingredienti^ of ice cream, listed previously 
ifitfthis section, illustrate the u^e of additives. to impro^^ flavor, 
color and texture.. The list includes artificial color, artificial 
flavor, corn syrup, stabilizer and emulsifier. Let's examine each 
of these additives. 




Artificial flavor and color explain themselvofe. Flavors are 
the largest group of food additives; over 1000 are available. Spices 
were among the earliest additives used to improve th^ flavor of food; 
spices are naturally occurring s-ubstances. New synthetic flavors 
are developed . each year, to imitate natural fruit flavors, for 
example/ v . . ' 

Corn syrup is added to ice cream as a sweetener and also to 
prevent sug^r from crystallizing; it t^us imprpV^^es^ both taste and 
texture. Stabilizers and emulsif iers, as well^'^a!s 'thickening agents, 
are added to food^,,.tQ improve its texture. A stabilizer in ice 
cream helps to ke^p i|he re&t of the ingredients mixed and prevents 
large ice crystals 'ffom forming when ice cream is frozen. 

. ■ ^ ■ / ■ ■ ■ ■ / • ■ . 

Guni arabic and other vegetable gums are used as stabilizers 

and thickeners. They may be added to ice cream, and the'y also »re 

commonly added to such foods* as powdered beverage mixes and hot 

breakfast ceres^ls to obtain the proper texture when these foods 

are mixed with water. 

When you analyzed a food for its nutrient content, you found 
that fat is noV soluble in water. In many foods sueh as ice cream, 
fat would sepamte from water and water-^soluble irigfredients were 
it not for the presence of an emulsifier. An emulsifier causes ^ 
fat to be dispersed in small droplets throughout the water-soluble 
portion. jj[You may recall that bile served as an emulsifier for 
fats being digested in iThe intestines. ) . 

There are stiinf other reasons that manufacturers add substances 
to food. For example, certain additives change the pH of a food^ 
Others controlithe moisture content. How do all the$e additives we- 
consume affect 'our health? 

Man liae lived with many of his foods for thousands 6f years. 
Centuries of use have indicated that these foods are not harmful, 
or at least not immediately harmful. Consumption of a food by 
100 generations of people is a very good test, but there remain 
problems and uncertainties. Foods long considered harmless |nay be 
harmfur^jftlxreotriyLLand over a long period of time, or when exces^ 
sive quantities are eateriT^^^^^^ example, bo salt and sugar %:e 
not as hairmless as had long been supposed. The other problem is , ' 
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additives developed recently — ones 't>hat have not been tested for 
long periods of time. HpW are these additives dfetermined to be 
safe? ■ ■ ■ ■ • , ... f ■ 

In the United States the Food and Drug Administration is re^- 
spgnsible for seeing that the approximately 2000 food additives are 
not harmful. The- FDA's task is not eas.y for reasons we will discuss, 

. <* ■ , . ' . • ' 

The FDA derives its authority to control the use of additive's 

from the Food Additives T^endment to the Federal Food, Drug and 
Cosmetic Act of 1958. Before 1958, if the FDA wished to remove a . 
particulariadditive from the market, it. had to demonstrate that 
the additive was harmful. Since the. passage of the' act, a manufac- 
iturer has to satisfy the PDA that a new i^dditive is not harmful be- 
fore it may be used. I 
■ • ^ ■ 

The Food Additives Amendment ^ contain:^ a list of additives that 
are "Generally Repogni zed As Safe,' (GRAS) The approximately 670 
substances in this list, known as the GRAS list, either have a long 
history of use or w6re proven to be ^harmless prior to 1953. The 
GRAS list includes nutrients (for example, riboflavin)-, such flavors 
as cinnamon and vanilla, salt and pepper, and additives to improve 
texture, such, as gum arable. , • 

• --The fadi^-ihat a subai^nce is on the GRAS list means nothing 
more than that it is "generally recognized as safe." . Many of these 
additives have never been proven to be safe, and the FDA can rempve 
a substance from the GRAS list if evidence appears against it. At 
present the FDA is testing or re-testing each additive on the GRAS 
list for toxicity. , ' 

If a .new additive is developed, it must be approved by the FDA 
before it may Jae used In food. The manufacturer must test the addi- 
tive with' at lea>*t two species of laboratory animals, commonly mice 
and dogs. The animals' are fed* various quantities of the additive, 
and the smallest:^ quantity that is harmful is determined. 

The FDA ragnlates not only what additives may be 'used, but also 
in what foods they may be used and how much may be used. The deci- 
sion as to how much of an additive may be used in ascertain food is 
based upon the tests with -laboratory animals, and it takes into con-^ 
sideration whether a person is likely to consume the additive only 
in the on6 food or in other foods in his .diet. The FDA is also ' 
guided by the principle that a food should contain 'no 'more of an 
additive tl^n 1^ needed to achieve its purpose. 

. • . ' ' ■ ■ >• ■ . ' * 

The FDA also considers the purposei of an additive. Additives 

are permitted for the purposes we mentioned: to improve the nutri- 
tional value of a food, to aid in preservation of food and to im-' 
prove cCTlor-, flavor or texture. Additives are fiot permitted, how*- 
ever, to disguise inferior food or inferior processing. 

• ■ ■ ^ , . , _ . 

One clause of the Food Additives Amendment specifically bans 
any additive that is found to be associated with cancer in 



laboratory animals or people. . This ^tatemeynt, called the Delaney . 
clause after the congressman who introduced it , was the cause of ' 
controversy^dn the case of cyclamates. Cyclamates were on the GRAS 
list and weye used as artificial sweeteners in place of sugar. 
Their most popular use was in diet sodas. ifi!yclcHnates are probably 
Vprefierable to sugar in' terms of dental health, losing weight, and 
risk of atherosclerosis; they made some foods '=>suitable for (^iabet'ics 
that were not otherwise available to them.-- However/ it was deter- 
mined that rats fed huge quantities of cyclamates tended to ^develop 
cancer. Although the quantities were much greater th9,n are ever 
•consumed by a person, cyclamates were' ordered off the market. Cy-' 
clanfates are one example of the problems encountered by the FDA. 
Another problem is the use of nitrates and nitrites. 

38-2 Nitrates arid Nitrites . \ . ,yj 

A nitrate is a compound containing the nitra:te ion N03~. An 
example of a nitrate is sodium nitrate, NaN03.. Nitrites are com- 
pounds co^itaining the nitrite ion, which is N02~/ for example, NaN02 
sodium nitrite. Nitrates and nitrites are consiidered together be- 
cause under certain conditions a nitrate converts to a- nitrite, and 
nitrites are at the center of the problem. 

Nitrates occur naturally in many water supplies. They also oc 
cur n||rt:ura,lly in many vegetables, notably spinach, beets, lettuce 
and eggplant. And. sodium nitrate and potassium nitrate, as well as 
the nitrites, are used in* curing meat products. Meat is c>ured by ' 
soaking in a brine (salt water) cpntaining nitrates or nitrites. 
The primary purpose of adding nitrates and nitrites to , meat is to 
preserve the characteristic red color of suchVmeats as. ham, bacon 
and frankfurters. Nitrates and nitrites also Contribute to the 
V flav^i: of these meats as well as that of cured \fish. These addi- 
tives also serve the useful function .o# inhibiting the growth of 
certain kinds of b^icteria,^ such as the Vne whichXcauses botulism. 

Nitrates have not been found tb/^be harmful iivs/themse^ 
as mentioned^ earlier, nitrates can convert to nitrides. One set of 
conditions under which iiitrates can form nitrites occurs in the di- 
gestive tr^ct of cattle; anoth)|pr is in infants' stomachs, which are 
less adidid than the stomachs of adults. \ 

Nitriteis have been proven to cause one medical problem and are 
suspected of causing a second. A nitrite^ can react with h6<noglobin- 
You may recall the role of hemoglobin iii transporting oxyg^enVin the 
blood. When nitrite is present in the blood, hemoglobin is cnanged 
so that it cannot \transport oxygen. Cases have occurred in .which 
^^ittle have cpnsumedJtbo much nittate, converted it to nitrite a*^ 
h^ve been poisoned in this way. ^ \- 

More concern has h^en shown for the possibility that nitrites 
lead to cancer. Let us examine some of the evidence. 



We have already discussed primary amines (R-NH2) . Secondary 
aWnes^ haT^ a secopd "R" group. They have the gerteral formula 



Up^er the right conditions a nitrite react? with a secondary ajmine 
to form a nitrosamine. , .. t ' 

, < ^ - . ■ * 

• H '• • R " R ■ 

NO " ■+ "^N — H ^ ^N— N=0 + OH" 

R' R . .r 

* .. . ' nitrosamine ^ l ' • ! 

' ■ ■ ' . ' » 

The reason for our interest in this reactibn^is that many 
nitrosamines, have been found td cause cancer. If a substance 
causes dancer, it is said to be carcinogenic ; thus many nitrosa- , ,. . 
mines are earcinogehic . 'We must explajin our use of^ the word 
"cause." The precise, cause of cancer is not known/ bnt it is 
known that laboratory animals -that are fed nitrosamines develop 
cancer far more frequently t^efh-rothers thkt are not given nitrosa- 
mines. In addition, a combination of nitrites and .secondary amines 
.is equally carcinogenic' in rats and, mice. Significantly, though, 
the occurrence of cancer is hot higher than normaL when mice ^d V 
rats are given nitrites but not amines* What does this mean in 
terms of man? Do nitrites and nitrosaminfes . c^u^e cancer in huipans? 

- o • • ■ :■ ■ ■ ■ . •■ • V . ■ ■ • ■ . • 

First of all, no case of cajicer in a hum^n has, yet been proven 
to be caused by these substances* However/ based on "^the' experiments 
with laboratory animals, and the biological similarity qf these ani- 
mals to humans, it is reasonable to ^xpect that nitrosamines can 
cause cancer in humal^is. . , - ^ . 

" • ■■.<-■' • ■* . \ 

The next question is whether we consume nitrosamines or produc© 
theiri Vi thin our bodies . Analysis of foods has^ indicated only very 
small quantities of nitrosamines in a feWj foods-. However only a 
limited n;amber of ^ foods have been analyzed for nitrosamines; ahd the 
first part of the question remaini^ (Unanswered. (Recent research/ 
however, has indicated that cigarette vsmoke contains nitrosamines^ 
This, of course, has caused further specpaatioh about' the carcino^-% 
genie nature of pigarettes. ) ' \ - 

' We already mentioned that' rats do not develop cancer whenTJed y 

nitrites alone; It is the combination of hi tiritei^ and secondajry-o v 
amines that appears to be carcinogenic. It is possible fat^us -ep^- 
have secbridary amines in our bodies; for example ,0 many drugs con-' f 
tain secondary amines. But the reaction of nitrites ar^d amines can 
take place only under certain conditions- Are the condii:ions^ |)T'e^-^ 
ent 'in bur bodies? This question temaine unai?sweredf. W^^ do not 
yet know ^whether nitrites and secondary amines can react in our/ .| 
bodi'es. " " ■ r ^ .. : 



. if you werie askeid to deGide about the use of nitrates and 
nitrites, as food add itiyea, what would be your decision? Remember' 
that nitrites aisb inhibit the growth of toxic bacteria. If ni- 
trates and nitrites were not used .as additives, other preservative^,, 
wiould have to be .userd, or ^resh roods used to replace preserved , 
..varieties. .■ '; 

\ y Some people are advbcatin*^. a ban on nittates and' nitrites as 
food additiives. Some supermarkets alrekdy stock such meats as 
■frankfurters which do hot contain either preservative. As a result, 
such hot. dogs have to be cooked and eaten within about one week' of ' 
manufacture. But this, is advantageous to ,the consumer' who gets much 
fresher meat. By cqntrast, with nittates ahd nitrites , meat can be 
preserved for .very .long periods. Consequently, there is no sure way 
to determine the age of ^ meats ^ueh as hot ■d6gs, sal5imi, bologna," 
bacon And Vienna ^sausage. • i 

Those calling for a ban on these preservatives seem closer to 
the intent of " the FDA law Jthan those who suggest we use nitrites . 
and nitrate.s until it can be proven that they cause cancer in hu- 
mans. Remember tl^ at the FDAvregulation of 1958 requires that the 
food. processors prove that these chemicals (or^aily food additives) 
are harmless before they use them in our foods. " , ./ ' 

List five uses of food additives. .. 

* What is the GRfiS list? ^ : / : ' . \ ^ 



> . What is the Delaney clause? . ' * 

What are^ nitrates ahd nitrites lised for? i 

Why flio %oinQ scientists spg^est that these food chemicals be banned? ^ 

If you were a farmer or rood processor, what- arguments might you give fq^r 
^retaining jbhese food adclitivesr - 

■ • . ^ ■■. ■ V ■ . ' • 

Vocajpulary : " 

.Garcinogenic (CAR-sin-oh- JEN-ik) --^cancer causing* 

cured — tlteate^d with various c^i^jpouri^s or processes (stich as salt * 
" or smoke) for the purpose of preservation. • ^ 



Section 39;; reading pood labels . . - ^ / . ' 

, V " ' ' . ^ *■ ■> ■■ 'J ■ " • ■ ■ . 

^' i . ^ ■ • .• ' ■ . ■ ■ ■ ' ■ ■ • • 

39-1 Why Read Labels? ' , > - " - 

,^ One bfk the , key points. of the Nutjt;^ Unit is that an optimal 
diet can be*designed, and that we can determine how to eat for : 
healtlK^and vitality i I % does not' take.ra medic^ degree or any other 



ad\»ancQd -^egree to do this. * In fact,, you have already devised, 
•attt. optimal diet for* yourself . But t9 continue to do so, long 
.after thi^ uhiit has* been completed yqu, will have to know to- in- 
t^prfet thf 'iti;f armatiqii foOjd lab^^ls , ' ■ ' . 

In \he , case. fresh, -unpack^ged fobds the various books ^nd 
tables you e'nccyiintered in previous sections (see USDA Bulletin J2., 
ancf Bowe^- and Church) will telL yoU whicti riutrients are present . 
and in. what amounts. Packaged food i<« even easier to evaluate for 
groAs nutritional in^rination. i'his is because tjher nutrition 
pan^l on a food package lists how many calories and how much pro- 

• teini^ carbohydrates and fat a serving of j^hat food will prot/i^Q, ■. . 
■It also, shows the percentage of the U. Si Recommended Daily Allow- . 

ance (RDA) of .pro^tein an,d seven essential vitamins and minerals , 
provided by serving. All of this inf9rmation' is requifed by - 

> fiederal, law. At. the aoptdpn of the manufacturer theP label may also 
list; hd^ihuch polyujisatura^ted and ^saturated fatty. acidSf cholestercsl * 
and sodaum. the food ^contains, and may also list the percentage, ; ^ ^ 

•of the; RDA for another dozen minerals ^nd vitaniins.' 'y ' ' 

. 4 In ..additio"h to nutrition information, labels- tell us which 
additi,ves, if any, are present in packaged food. This is . very im- 
portant, as seen in ,the°*last section. . VJhil^ some additiv are 
useful, others ar6 "of questionable safety' yet find their way' 

' into foods. ' ^ ; ' " - 

■ • ■ - • ■ ■ ' . V ' ' ■ . • , . ■ . . ■ ■ c 

39-2 How Po you Read a Label ? '„ ; * 

■ ■ ' T<; ^- • ■ 

.The first category of information; to look for is the list 
6f ingredients. A food may be nutritionally ^sound but not to 

• our €aste, unless it contains the kinds; of Nutrients we.. like to 
•.6at '.• • ' . . '• • ■ . ■ . 

' : * Ingredients are lis-t^.ed/.in .order of the amount- that is present-- 
labels read from mo6t to least. .For example, looking at the nutri- 
tion panel of a can of fruit: cockt^l, you might learn at once 
rthat ther^ ar(S more pead^es than pears .(since peaches are listed 
first) ; tnore pears than "gtapes , mor^ grapes than pineapple, and 
morelpineapple than cherries . ; You4would also learn that the syri^p 
bonta'ins more water ; than sugar . ' - 

• ... v ■ • . '■ » ■ " .' i . . ■ ■ ■ 

• * ' You may also want to read the "l^bel on a padkage of raspberry 
gelatin. From the picture ot^ rosy^red.-ra^pberriefe , it would, be 
reasonable to assume that the powder inside is made' from, natural 
^raspberries. -^However, tlie label shows us that tne powder is made 

lof sugar, g^lati3|;yi, fumaric ^||td, sodium citrate,' s artificial 

-flavor and artificial colors, but not raspfcferries . 

39-3 Reading Labels for Nutrients > ^ 

y .In addlition_to ingredients, you may want to know which nutrients, 
are present in a ^^acka^ged .food (see t'igure 1) . 




Nutrients lji||ted are for 
Qfleservin|, 



Number of servingB 
per container, ti^ 



NUTRITION INFORMATION 
(persiifvInQ) ^ 

Serving Size -1 cup 
ServinflS per Container-2 

' Calories .110 

Protein 0 iQramT^ 1 

Cart)ohydrate 25 Grams 

Fat .. 1 0ram J 

Sodium (970mo/100gm) 275 Milligrams 



Peroentaoe of U S. Reoommended Dally 
Allowances (U.S. RDA) 

Protein — 2 

V • VitaminA ...25 

VitamlnC..,. ....:25 

i>* Thiamine .25 



1^ Nutrients in metric 
weight as grams 
(1 ounce = 28 grams). 



Labels may show amounts 

of choleaterol&sodiiim „ ^ _ 

• in 100 grams of fckxi T^^l '2|botHn : . . . 25 

J. . ■ Niacin — <o (i-'ii-Us 

.V and m a serving. v' vx;» caicium. 4 .Kiaw 

■ v-i;i!;2> 



Percentagesx)f U.S. 
'Recommended Daily 
Allowances." 



•1 



. . FIGURE 1: A typical foQd label, 

Th€! upper portion of the label shows the number of calories 
in a serving of the food and lists, in grams, the amount of 
protein, carbohydrate and fat. Thdse ar^ three of the m^tjor 
nutrients that make up all the , food we eat . 

The lower portion of the label gives the percentage of 
O.S. Recommended Daily Allowance for protein and seven vitamins 
and minerali^ provided in one serving. Add percentages for each 
nutrient' consumed throughout the dayjl When the daily total 
apjroacKes 100, you are getting an ample supply of that nutrient. 

: Certain foo^ltfjroducts (in addition to butter, cheese and ice 
cream) are not required to give. nutritijDnal information These 
include foods shipped in bulk for use in the manufacturie of other 
foods, and foods supplied for institutional food service. This , 
means that dinners eaten in cafeterias, on airplanes, in trains 

' and other "instituttions" may contain packaged food items, sudh as 
salad dressing, which do not provide an indication of what they 
are made of i. 

• ■ ■ • • ■ .• 

. » ■ ■ ' ' 

39*4 Reading Labels and Economy - * 

* 

* ... 
. ■ > ■ . \v ■ • 

>^ . HoW can gou save npney by reading labels? 

To buy food economically there are other considerations (see 

Fiqure 2) i / ' ^ 

y Yields: 4 (% -cup) V . Yleld8f7(%-cupr . , 

• " servings servings 

/ ' ' (31* r4- Cost) (49* -H 7 - Cost) 

' Cost 7.8* per serving Cost: 7* per serving , 





ERLC 



*Not*: 8«rvlng alzes muit b« tha same (or accurate comparison, 

FIGURE 2: Comparison 6f two brands. 
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Tp save money, (1) use la))els to c^pare the cost per serving 
of similar foods, and (?) read labels to make sure you get the , 
most for your food dollar. For Sample , compare two frozen pot / 
p*^ies of the same' weight. One costs *39 cents, the other' 29 cents. 
But when you read the nutrition label, you may see that' the pot , 
pie which costs' 39 cents provides a higher percentage of the RDA 
for protein. So if you are serving th^ pot pie as a main dish 
and protein content is important, the one that costs 39 cents 
may be a better buy nutritionally. 

S9-5 Reading Labels for Additives , ti ' ■ ' ■ 

When reading labels, a careful consumer should be concerned . 
about the additives includ.ed and what effects they rtiay have on . 
/him. While there are too many^ additives used to allow a complete 
discussion of them, a number of common additives will be explored 
in Laboratory Activity 39. The list of uftquestionably safe ladditives 
is very shor,t, while the possible danger from those which are*" ques- 
tionable or potentially harmful remains great. V 

There is no agreement among experts on the safety of one 
group of additives: the artificial colors. While some of these 
food dyes are "certified" as safe ip the United States, they 
are not permitted in foods in many European countries. Conversely, 
some dyes considered absolutely safe abroad may not be used in 
this country. With so little agreement about the relative safety 
of the artificial colors the best rulq of thumb may be to be extremely; 
wary of them. 

One example of 'an artificial color Of known danger that is 
permitted ia the red color used to dye maraschino cherries. 
Many of us eat these shiny cherries. in ice cream, fruit desserts, 
cakes •and pastries. *Yet the dye that gives these cherries their 
color was outlawed for use in foods in 1964 because experiments 
with dogs produced two forms of cancer. When this^rtificial color 
was added as two per cent pf their diets (a large amount — ^^far more 
than any of us- would consume) , 60 ^per cent of the test dogs- died. 
This dye is so harmful that the World Health Organization (WHO) 
gave in their lowest rating. According "to tliis organization, this 
means 'it should not be used in food under any circumstance . 

While the dye used in maraschino cherr'ies is not tised in any 
other foods, some other ajrt'ificiai colors are alsp. of questionable 
safety. Fortunately, almost all foods using artificial coloring 
must state so clearly, on the label. Yet there are exceptions. 
Butter, cheese and ice cream may contain artificial colpring with- 
out having to show this oh the labels. ' 

* . • ■ . # • 

What information is provided by labels on packaged food? 

How can you tell whifih ingredient listed In a food label ii? present 
in ^biui highest percentage? 



w can you save money reading labels? 



ERIC 2?4 . . T 
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Name two fop^^d^itiyes of questtiomble safety. 

Name three types of food exempt from the mtrition labeling laws. 



REVIEW SET 39: 

1. .Name two general types ot corttaniinants found in someJ*ater. 

2; List two useful function%_^f bacteria found inside omr digiBSjtive 
t'jjact,. . y 

3, What causes trichinosis? How may we* reduce our risk of con- 
tracting this disease? ' . . . 

4, Name at least three types, of parasites which cause disease. ' 

< ■ » . . ■ . ■ 

5, How are bacteria removed from drinking water? * i 



6. Name at least two organic chemicals Sometimea found in. drinking 
water . , ■ ' . ^ 

7. How can we reduce our intake of food preservatives? . 



8, Why is there' concern about the possible dal^gers of sodium 
nitijate, and sodium nitrite — coiflmon meat preserva;tives? 



9. In what ways is >Eood-labeling .informa.tlon * useful? 

10. Why iJ food processed? -» . 

* ■ • \ ^ ■ ■ ■ ■ 

11. What is a food additive? Name three common food additives 
and their us-es. ' ' 

■ ■ ■ • I . 



SECTION 40: THB ROLE OF TEETH IN^ NUTRITION „ . f 

How do teeth prepare food^for digestion? ^ 

, Scwne of the most' common health problems involve the teeth 
and gums--probably all of you have experienced at least pccasiotial 
denjial problems. Over 90 per cent of our population has at least 
one cavity* in a life time. Over. 10% of the adult population no 
longer ha»any natural teeth. More than half of the adult population 
suffer frc3m gum diseases. Beginning in this section we will ' 
txamine the; teeth, their anatomy and f|inction, as well as their, 
problems and care. v. 

The science of Dentistry has developed to care for the teeth. 
Many occupations are^ concerned with human dentition. These occupa- 
tions ^J^clude dentist, oral surgeon, dental hvoientist, dental 
assistant, dental X-ray technician and other Bbchnicians who , 
specialize in making dentures, ^ bridges 'and other dental apparatus. 



As we have discussed, digestion begins in the mouth. Food. 

i's broken into smaXier pieces by the teeth, ancj digestion of 
tar.ch is begun by the enzyme amylase found in saliva. The func- . 
ion of teeth is important -because small particles are digested 
more rapidly than large 'particles . They can come in closer contact 
with, enzymes. # The tongue helps mix food* and moves it to where 
it can be chewed by the teeth. - 

, The tongue is not only involved in moving food, but it has 
two other functions, taste and speech. The palate is also used 
for taste and speech. The palate is the roof of the mouth within 
the semi-circle of the upper teeth. The forward part of the roof 
is the hard palate; the rear portion is the soft palate. At the 
rear of the palate, a small flap of tissue called the uvula , 
hangs down into thfe mouth. You caji see your palate and uvula 
with a mirror. During swallowing, the uvula closes off the mouth 
from the nasal passage. ^ 

The mouth of a human adult contains 32 teeth, unless some 
have been removed. These teeth are, not all alike; there are four 
types, each adapted to a different function. Before reading on, ^ 
you might look at your teeth in a mirror. Can you detect four 
different basic shapes. Can you guess how these different shapes 
might function? 

The four forward teeth .on top and the four on the bottom are 
iiiqisors (see Figure 1). Those in the center are central incisors, 
while' those to the side are lateral incisors. Each incisor has 
a sing Je root. Incisors have a thin edge and their function is 
to cut food. 





cuspids 



bicuspids 



molars 



FIGURE 1: The four kinds of teeth. , ^ 

To either side ^f the incisors are cuspids . Cuspids are the 
pointed teeth sometimes called canine teeth because of their 
resemblance to 'fangs (the word "canine" comes from tKe Latin word 
for dog). The mouth contains four cuspids, one on each side of 
thei t'op "and one on each side of the bottom. The function of the 
cuspids is to tear food. A cuspid, like an incisorl has one root. 



Behind the Cijspids are bicuspids .' Bicuspids are 
because they have two points hr cusps on their cuttii 
On eacji side, top and bottom, - are two bicuspids, maJ 



so called • 
[g- surfaces, 
,ng a tol^al 



/ 



of. eight in an adult mouth. ' Bicuspids may have one or two roots. 
The^unction of bicuspids is to cut and tear and also to grind. ' 

/ The teeth toward the rear of the mouth, behind the bicuspids, 

are molars . If you have all four of your wisdom teeth, then you 
have three molars on each side on ,top and three on each side o£ 
the bottom. Molars have eitlllir a double'or a triple root. They 
are the largest teeth in the mouth and have large, unerven surfaces. 
Their : function is to crus)i and grind food., The points on the sur-^ 
face gr'asp food as it is be ingilf round. ^ ' 

Observe the relation between the shape of a tooth and its 
function.. A cuspid^ which is pointed, cannot grind food but is 
used to tear food. A molar ^ however ^ has a large irregular sur- 
face that is used for grinding rather than tearing. An incisor 
has an edge and is used for cutting. The shape of a bicuspid i^ 
intermediate between 'the shapes of a cuspid and a molar, and * 
it^is used both for tearing and grinding. 

Chewing is a habit for most people. Consequently you are not 
likely to know how you chew cert a ih foods. If a smaller piepe - 
of food: must be separated from a lar.ge piece you usually bite off 
the piece with yOur incisors. This is the* way you bite a piece" 
frOm a whole carrot .or from a chicken' leg. If you cut -meat with 
a knife, however, or place food on your tongue with a spoon or 
fork, incisors are. not used. Whether incisors are use^ 9r not, 
food is moved progressively toward your rear teeth with the help 
of your tongue. The piece cut off by the incisors or placed on 
the tongue by a fm-k is separated into smaller pieces by the cuspid 
and bicuspids. It/^is finally crushed or ground by the molars 
and is then- ready to be swallowed . Next time you eat a\ meal , 
you might review the different^roles of your teeth.. 

A tooth is composed of several parts (see Figure 2)\. The 
part of the tooth above the gun\ is the crown . The puter^lyer 
of the crown is the hard, Vhite subst^nc^ enamel . The* enamel 
consists of inorganic crystals of calcium phosphate . The crdVn 
has no blood/ supply.. . \ ; ' 

I The tooth harrows where it meets the gum; this section is 
called the neck. The portion of the tooth beneath the gvun is 
the root. The root is anchored to the jaw by the periodontal 
membrane.' The outer layer of ttife root is called the cem6ntim. 
Cementum is softer than enamel and therefore decays more easily 
than enamel . . ' . 

Beneath the enamel and cementum is the dentin. ' Dentin is 
softer ar^d more porous than enamel.' Although it has no blood ves- 
sels, it does contain organic fibers. The dentin surrounds the 
soft pulp cavity, which is wjiere nerves and blood vessels are 
located. ' ^ ■/'■■'■ \. . 



\ 
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jPIGURE 2: Ttie pj^ts of ^ tooth. 

The outer parts of a tooth, the enamel and the cementum, 
have an interestinif development before birth. During the early 
part oi their developmeAt they are in cont^acj: with the body 
through! nerves and iblood vessels . However ," at the time a tooth 
erupts through the gums, the blood supply al^d nervje connections 
to the outer part of the tooth are severed. \ Enamel and . cemenifum 
are unlike bone in ^hat they have no ability ;to repair either 
jury or decays . ■ ■ ' ' / V ' ■. ■ , 

What functions do the teeth perform that make them an imebrtant 
part of bur\anatomy? \ / 



in- 



What are the four different kinds of teeth? 

\ * .' ■ ■ ■ ■ 

In whavy^ays are the' tdeth specialized^ for chewing? 
Why do dogs need larg^ canine teeth? 



\ 



\ 



I 



(^lassify fhe structure of the teeth as hard or soft* Consider eiiftnel, 
cementum, dentil^ and pulp, 

VocabuXairy : 

bicuspid (by-Kys~gid )— thi^ teeth between the cuspids and the molars. 

cementum (seh-MaSNt-tum) — thy bony t/issue which is the puter layer of 
' the root, ^ ^ - ■ / ' 



\ 



/ 
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cr6wn--the |art of a tooth above the gum. 

—the f ang-'like teeth next to the inciBors; 



cu 



the 



ispid (KUS-pia) — 
I canine teeth. 

• -t-^, . . ■ . ^. . . ,, • . . 

dentin— the bone-like tissue just beneath the enamel and ceii|ientum 

rL-<%-^ooth. ■ 

•vf ' ' .' ' • ■" •' ■ ' . ■ ' 

enamel--the hard white outer layer of the crown. 

incisor ( in-SY-zor ) — the four top and foiir bottom front te|^th, 
with thin cutting edges* 

molars (MO-larz )r-the largest teeth, in the rear of the mputh, 
with l^rge uneven surfaces_for grinding. 

■ ' . ' 'f . ■ 

palate — the , roof of the mouth, within the semicircle of the upper 
■ ■ -teeth. ' \ ". -J.' ■■ ■ ■/ ■ V 

!■ ■■■ . V ^ - ■ I " ' ' 

pulp — th'e so£t tissue deep in the tooth, containing blbcid vessels 

.and- nerves.- / t 



root — -the part Of a tooth below the gum. 



; ■ ■ r 

SECTION' 41: THE , DEVELOPMENT OF TEETH 
41-1 How Do Human Teeth Devjplop ? V 

■ . r ' * ■ .■■ ■ L ■ ■ 

Proper development is essential to good dental health. The 
formation of teeth begina long before birth. When a fetus (human 
embryo) has been developing for f ive months, the central 'incisors 
and other teeth begin to form. Layers of enamelJ <and dentin deposit 
find form the future crown, but they are below tWe gums (Figure .1) . 




• » cac3 
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FIGURE 1: Development of teeth until Mrth*. 

^ Development continues,, but at birth no teeth hav6 erupted/ . 
in fact, roots have riot yet formed. (A very few cases aire reported 
in which a baby is born, with an incisor; usually the h^by was 
Overdue*) Cuspids, bicuspids and molars all begin to 'form before 
birth. • . ' ' ' i* 
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^ When an inf ant:' is about\six months old, his lower central 
Tncisors begin ^ to erupt and there is typically eJccitement in 
the household*' The lower central incisors are soon followed by 
tl\p upper central incisors. During the next 18 months ^lateral 
incisors, cuspids and bicuspids complete their develojpipeni:, and 
erupt. A child at the age of two years has the same numbly of 
these types as ah adull: has: edght iricTsors , four cuspids "^and 
eight baby molars, (See Figure— 2.) 

The 20 teeth in the mouth of a two-year-old child, however, 
are -not the teeth he will have as an adult. They are^ called 
deciduous teeth or, commonly, "baby" teeth^, and will be replaced 
by largei; permanent teeth. \ • -■ 
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FIGURE 2: Early' development of teeph after birth. 



The period between the ages of six months and two years is 
a difficult tirtie for an infant. - The eruption of deciduous teet^ , 
is painful. And the digestive system is becoming adjusted to a 
new diet. Nutritional upsets are common at this age and can ) 
affect development of the permanent teeth. Thfe crowns of these 
teeth are forming,^ and the nutritional disturbances can cause 
( improper hardening of the 'enamel. These defects ^cannot be cor- 
rected once they exist; this is one reason' that good nutrition is 
especially important during th^ first twp years of life. 

•Between the agias of ^two^years and six years, the permanent 
: teeth continue to develop. Beginning at about the age of two 

(all the deciduous €eeth ate in the mouth. At around five years 
' of - age the deciduous teeth become spaced. This, happens because, 
the jaw is growing larger. This spacing makes room for t,he 
permanent teeth that sooni will erupt (Figure 3. ) . \ 



As the child approaches the age of six, the roots of his 
deciduous teeth begin to disappear. The \process is called. resorp- 
tion; the material of the roots is absorbed into. the body. This 
process leads to, loss of deciduous teeth, When the root has been 
resorbed, the tooth is no longer anchored to the jaw and falls 
out. If the child places this tooth beneath his pillow, hopefAilly. 
he is visited by the ioj^th fairy. v • 

The period ftfom the ages of six\to ten is called the perio^ ' 
off mixed dentition, because the mouth contains almixture of decid- 
uous and permanent teeth. The first set of permanent molars erupts 
at about the age of six; These molars are often presumed by parent 
to be deciduous and. allowed to decay, since it is thought that 
they will be replaced by. permanent mqla>rs. However, this is not 
true; the molars which 'erupt at the age of six are permanent teeth. 
Permitting , these molars to decay can lead to more serious problems, 
because th^y ar^ important in determining the positions of the 
*other teeth (Figure 4) . ^ ^ , 

\ . ... 

• Permanent incisors do not usually erupt in perfect alignment, 
but are spaced. \The condition isi corrected, though, by eruption 
of the cuspids, which pushes -the incisors together. 

'The first bicuspids erupt at about age- eleven. Because 
. they erupt before the teeth id:o either side, they are important in 
guiding the cuspid? and second bicuspids into position. The 
cuspids arid second > bicuspids usually erupt before the age of 12 
(Figure 4) . 
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FIGUR^l 4 : Development of teeth from ages six through eleven. 



\' The second molars appear during the e^ly teens, while the 
thitd molars erupt during^he late teens or early twenties. The 
thiijd molars are commonly known as "wisdom teeth" (Figure 5). 
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Fl^GURE 5: Development of teeth from ages twelve to twenty-one. 

■/\- i ■ , . ■■■ i; . • • .. 

41-2 Occlusion and Malocclusion 

; - ^ ■ ■ : 

What\causes malocclusion? How can it be cS/c^cted? 

i The jword "occlusion is derived from a Latin word meaning "to 
close." |ln dentistry it refers to the closing of the jaws so 
that the upper and lower teeth are^^ in contacts Proper occlusion 
exists when each lower tooth meets correctly with its upper 
counterpa|rt , . 



The /word malocclusion referds to improper alignment of upper 

and lowisif teeth. Several fetors irt^y cause teeth to be positioned 

improper^Ly. Some of the^ef' factors are hereditary, while most 

are environmental. MaJ^clus ion is rrt^st likely to develop between 

the ages of six. and ^n, when the firs^ molars erupt and permanent 

teeth replace .deciddots teeth. 

' \ '■ ■ ■ 

* / ■ ■ " X 

Some problesfns of malocclusion are related .to improper develop-, 
ment of the One type of malocclusion, is overbite/ sometimes 

referred to >s\" buck teeth." Overbite is the condition in which 
th^ upper Jitw 4xteads in front of the lower jaw. A slight overbite 
>is normal/and desirable, but a large overbite causes the teeth to 
meet inc(2^rectly. Overbite i^ usually inherited, but a habit like 
thumbsi^'king is offeen the cause of this' condition. / . 




Jnderbite is -^he opposite -of overbite. i| the condition 

in which J:he lower (aw extends in ftont of the Wpe>r jaw. Ujider- 
bite may be. hereditary, |put it may also be a sigh of a disease 
characte-rized -by increased secretion of growth hormone. This is 
called acromegaly. In adults it causes certain bones, " the lower . 
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jaw^±)6ing one, to grow largerV Often this first sign of acromegaly 
is a\jhange in occ3,usiori. Malocclusion can also be due to insuff.i- 
qi-erife. space- £9r the developing teeth. ' ^ . . 

\ /' ■ ' ■ ■ ■ . . ■■■■ ' ■ ^ ■ 

Among; primitive peoples, whose teeth are used to chew tough • 
foods, malformations of the jaw are rare. Our civilized diets of 
soft foods give, the jaw little, exercise, ^nd the lack of exercise 
may cause *the jaw to fail to develop completely. ; 

The teeth may al&d fail to align themselves properly if an 
unnatural force 4s ^^^epeatedly exerted on the jaw. The unnatural 
force may come frt)m sacking the thumb or resting the jaw in the 
hands over long perioa^ o£. time. . Jaw development may.alsb be in- ' 
f luencred by malnutrition^ 



We have discussed inal6pclusions caused by^ improper posit;itOning 
or development of the jaw. \)ther types Of malocclusion are paused 
not by the jaw but by the tee^t^ thfemselve.s# 

Deciduous'* teeth reserVe a sjxace for permanenpb teeth. If a 
dBcidAious tooth is lost prematurelVf another deciduous tooth may 
move toward Its space. Tjie permaheh^' tooth is then forced to 
erupt in a position wheare it should rtot be. Early loss of deciduous- 
teeth may be hereditary ^ but it also m^y be caused by disease. 

When a permanent tooth is lost, the teettnto either 'side move 
into the, space r causing malocclusion. Upper and lower teeth help 
to keep their counterparts in position; if one is lost^ the other 
can move more easily. If a lower tooth i^ lost ^ the<\ tooth above 
it may ftiove down. The loss of permanent teeth is rarely xaus el 
by h^editary factors; it is caused by dental disease or decay ^ or 
by accident.. ' 

^Occasionally a person will have too many teeth a condition 
known as supernumeracy . . As a result^ the teeth a,re crowded. An 
extra tooth on top may not -be paired with a bottom tooth. The 
result is malocclusion. Supjernumeracy is j^resumed to occur ia 
the development of. the embryo; however ^ it has not been shown to 
be inherited. Supernumerary teeth do not always erupt* They • 
may'remain embedded in the bone and must be detected with X-rays. 

Severe malocclusion makes chewing difficult^ If chewing is 
diff ipultr either soft food must be eaten or food must be swallowed 
in laifger pieces. But large pieces of food cause digestive 
problems and soft foods do hot give the teeth^ gums and jaws'the 
stimulation necessary for proper blood circulation.; . 

Malocclusion also causes increased susceptibility to dental 
•disease. If teeth are not . aligned properly ^ food is more easily ' . 
caught between them; and some surfaces may be,. impossibl:e to reach^ 
with a toothbrush. Malocqlusion can also be the cause of speech 
defects and of distortion of facikl features. Finally^ malocclusion 
can cause psychological upset in some individuals. The relation 
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bety^Xsn maloccXusio.ii, and a person Vs appeiai?jl^inGe^^^^^^ major 
^consideration in deciding whether^ or n0t,i6|tt^ treatment. 

Malocclusion from, environmental causes;' :fey M prevented. 
Habits such. as thumbs uckin^' can be discour^^^^d. The diet can be 
of . a consistency to give the jaws and teeth^suff icj^en^^^^ 
And the diet can provide good nutrition iiurxntr\the period of de- 



velopmen^;'of the->teetb. ^ . . ^ \.- 

■ ■ ' V' ' ■ ■ ■ ' • ' ' 
Malocclusion^is, in many ca^esV correctible'. There is a 

special "kind of dentist whom yo^ may have metl The primary job of 
this specialist is to correct improper alignment of teeth. We are 
referring to an orthodonjbist .. Methods tq correct malocclusion in- 
clude' metal bands to force' the teeth into tine proper position and 
removal of teeth to make room for other teeth to move into proper 
alignment. Extreme underbite may be treated by surgery to shorten 
the lower jaw. , 

■ ' ■ ' . ■ ■ . ■ • ■ 

Children of ten have a space^ between the front two incisors,. Why does • 
this space usually close up later? ' ' 

Why do tha deciduous teeth become, loose and fall Olft? 
In what order do the permanent' teeth erupt? ' ' 

How many permanent teeth are there? How many of each type? 
What is occlusion? Malocclusion? ■ 

How does dental disease contribute ,io malocclusioh? ^ _ 

■ ■ ^ .. ■ ^ . r ■ ■ . ■■" ^ 

Hqw does malocplusion cpntrii>ute to dental, (^sease? ^ . 

Vocabulary ; ^ . ^ 

deciduous teeth (dee-SID-you-us) — the first set of teeth, popularly 
. called "baby teeth, " that fall out and are replaced by the 
peritianent ones. 

maXocqJ-usion (MAL-oh-KLU-jhun) — improper relationship between the' . 
upper and the lower teeth when the jaws are closed. 

"«v ■ , ■. ■ > ; ■■ . • 

occlusion— the closing of the, jaws so that the upper teeth contact 
V the lower ones. 

orthodontist (OR-tho-DON-tistV— a dentist' who treats malocclusion.' 

■- ■ • ■ . . ^ • , ■ . ;. : ■ . ■ 

resorption Cre-SORP-shun) — the, disappearance of tijSsue by absorption 
t or dissolving. . . " 



?ION 42 : DENTAL DISEASE 



• V types of dental disease, but two ; are far more 

croijjmon than tb^^^^^^o^^ One is dental carjefe , *6r cavities. Dental 

caries is a difseasebf the teeth which affects approximately 99 per 
cent of tihS populatib;ri% adolescents being particularly susceptible. 
The other" is periodontal disease , which affects the glims and other 
supporting structures of the teeth. Periodontal disease is the 
major cause of tooth 40^ s in people ^6ver 30. years old. 

. ■ • . ' ' ' ' . '. ■ ,■ " ' '.. . •. ' 

* ' Bacteria in the mouth* and sweet foods are commonly mentioned ' 
as causes of dental caries However > bacteria ° and sweets are not 
thgmselveis the imm^i ate causes of caries. The teeth , are coated 
with a translucent sub&tanc^;thato is cpntinually secreted by the 
mucous membranes of the mouth. It is. a , good- medium for bacterial 
growth. From, ihe standpoint 6)f^ ir\any kinds of bacteria, the. human 
mouth:^ is a sort of paradiser-warjn" dlimate . (approximately 37 "Gv) , 
lots 6f oxygen, and all the food they can^,6at. These bacteria pro- 
duce .waste products, that combine with the translucent subs tai^ce to 
form a subfetajice. called plaq\le . Plaque is that gqpey> white coating 
thati you may nave hoticed on your te.eth, particularly near your gums 
Tl^e bacteria^ in plaque ■ live on. sugar. They consume'' siigar and from 
)iraduce aci(J,, which they excrete^ " Arid this acid causes caries. 




teacteria a^e :alsg%the cause^ of periodontal disease.. The sup- - 
arfg structil|-e^ /(^P* /tooth 'arer^t'Ke gum3 , jawbcjne |iid periodontal 
■membrane, which ;att«J,P^. a- tooth to- the jawbone', ,- These ^re the 
structures aifecte^X]^ • : , 

We will mention 'twd types, of periodontal disease. These are 
°qinqivitis' ° and periodontitis » You. may <;reca;ll th.a t the ^u.f £i>c, " i t is " 
means " inf lamination , " . ' ■■■ ^ ■/ ' \- " ■ [ 'f''^' '■ ' 'l-, ■ ' 

' GiSLHtis is an inf lamiAatiori of the. g iji which the gums 
often, .bl^d when'' stimulated. Gin^^ivitis .aris^^ number of 

causes , the ptimary . and most impdr.taht'. b4ing , plaque . .Secondary 
factors iflclude not chew'irig with cfert^in"te6th for a long time,^ 
nutritional deficiency^ ^borly^^fittin^ dentures -aijd malocclusion. 
It can -also be 'c^uh^d W^ the 'teeth and' gums . 

aJid by material csalled calculus . Calqulus is a hard crust, composed 
mainly of calcium phosphate that deposits in the plague. around the 
tei^th. These deposits carl irritate , the gunis and cause inflammation. 

.' ■ ■■ ■"' ■ I* \- '■ . ■■ ■' ■ ■■ ■ ■ '■■ 

Periojlontitis is alfeo "called pyorrhea. It usually begins as 

gingivitis , but as "inflammation spreads <he gum draws away frbm the 
tooth. The pocket which lis formed fills with^ bacteria and pus^ 
.This weakens, the supporting" structure of the fdoth and, if destruc- 
tion of tissue is Extensive, may .cause loss of the tooth. The 
pauses oi periodontitis ,arQ , the same as the cayses of gingivitis: 
plaque and its products, trapped food, calculus deposits arjd maloc- 
.clusion. ,It can be prevented by propeic hygiene in the mouth and 
regular visits for *dental care. 



't Whether .th$ bacteria or the acid they excrete are the immediate 
caus,e of periodontal disease is riot known ^ bu^ in either event the ^ 
disease is a result of the accumulation of bacteria in the mouth. 
Some defttists and dental hygienists, however, believe that calculus 
deposits are as important a cause pf\ these diseases as bacteria, are.. ^ 

• jkOther conditions besides caries involve loss of tooth substance. 
Two of these aire' erosion and abrasion. Erosion is the washing away 
of .enamel' by chemicals such as acids. Abrasion is mechanical wear.' 
It may come from faulty brushing, abrasives in toothpastes or from 
chewing, on such objects as bobby pins and pens. Abrasion ^s' also . 
.caused, by grinding the teeth. ' 

42-2 Prever^ion of Dental Disease^ . ' ' . 

How may. dental disease be prevented? 

The most direct and iirimediate way to prevent dental disease is 
to keep one's mouth clean. The. object of cleaning is to remove two. 
items: food particles and plaque. Bacteria are always in the mouth 
and continually multiplying, but regular removal of plaque keeps 
the bacteria 'population low* Removing food particles prevents bac- 
teria from converting food to acid. , , 

The teeth are cleaned by iDriishing ^he surfaces' and flossing' 
between the teeth with derital floss. Flossing is important because 
it reaches some areas not accessible to a toothbrush. 

The formation of plaque/and the grpwth of a population of 
bacteria takes about 24 hours. If you could brush, your teeth at 
the same time each day and cover the entire surface every time you 
brusjied, it would be sufficient to brush, your teeth once a day. 
However, since it is likely that you miss areas of the teeth each 
time you brush, you should brush at least twice a day. The most 
effective time to brush is after meals, because not only are bac- 
teria and plaque removed, but food particles as well, before they 
are used by bacteria. Brushing prevents calculus det>osits from 
forming as well as removing food, bacteria and plaque. It also 

helps maintain healthy gums by massaging the gums. 

'. . ■ -.^^'^i . ... 

It is especially important to include tl>e use of dental floss 
in the care of the teeth. If the teeth are flossed correctly, once 
a day is sufficient. Flossing correctly does not mean simply putting 
the floss between each pair of teeth, but wrapping the" floss around 
the edge of the tooth a? well. The object is not only to remove 
food from between the teeth, but to scrape off plaque and bacteria 
'also.- •, ■ 

> . • • 

Most dentists recommend a toothbrush with isoft bristles. Soft 
bristles are more effective in removing particles from between teeth ■ 
and gums and are less likely to irritate gums, or abrade the tooth 
enamel, than hard bristles. 



iBpth the inner an4 outer surfaces of the upp^er teeth should be 
brushed with a^downwarc^'motion, from the gum§ t;pward^he bottoms of 
the teeth. The inner and*outen surfaces of \the lower teeth„ should 
be jDriished upward, also in the/direction away from the gums. The 
chewing surfaces should be br^fehed back an^ forth with a scrubbing 
motion (figure 1) . This is one of several acceptable methods for ', 
brushin*^ the teeth. f , 





FIGURB 1: One of several techniques for brushing teeth. ^ 

In people over 30 the most common ckuse of tooth loss is not 
caries but gum arid bone disease. The use of dental floss h'as there- 
fore taken on as much, if not more importance than brushing in that 
age group.. Flossing prevents calculus formation between, the teeth, 
a common .ceruse pf<gum infection. 

Toothpaste or tooth powder should be used. Some people make ^ 
a paste by mixing two' parts of baking soda with one part of table 
salt. This mixture Should be used only occasionally because it is 
abrasive and may cause damage to the enamel. ' The purpe^se of tooth- 
paste is to, clean the te^th and prevent" the formatioA^pf caries. 
Many of the extravagant claims made for toothpastes Ewsed on the ^ 
fact that they contain special chemicals are not warranted. A good, 
toothpaste cleans the teetk and is not harmful to tJie teeth. In 
particular, a toothpaste should not be acidic because acid erodes , 
enamel . . ^ ' / 

Some persons us4 electric t^odthbrushes. This type of brushing 
is not as efficient /as manual bMshing when the latter is performed; 
correctly; However i an electric,\ toothbrush may be prescribed for 
people with gum diseases because' ^of its effective stimulation of the 
gum tissues.. ; , ' • 

' Some people are now using water picks. These coni^isft of a 
plasi;ic tube through which water is forced- by an electr:^c motor. 
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Many dentists agfee that they can be of help in cleaning between the 

-teeth* However, if a person decides to use qne^,, he ^should consult 
his dentist •for directions to avoid-possible daihage to , the gums. For e 
example, if one uses the water pick continuously on a high-power set- 

'Ijing or points it directly between the teeth, he may cause irritation 
and recession of the gums. \ 

We havJ^thus far restricted our discussion of prevention o£ 
tooth disease to clieaning the mouth. Dental health may also be ap- 
' ■ preached by increasing the resistance of teeth to decay* Intake of 
the proper vitamins and minerals while teeth are developing results 
in more resistaifit teeth. The use of fluorides creates stronger teeth, 
vbut we will defeit discussion of this controversial topic to Section 43; 

A neV procedure that has been developed to increase the teeth's 
resistance to decay involves coating the teeth with a polymer. The 
teeth are cleaned and dried, and a^ solution^ of the polymer ^s applied. 
It is exposed briefly to ultraviolet light, and the surfaces^of the 
teeth are sealed, protecting them against caries. This adhesive, 
polymer should be applied soon after a tooth erupts-. / 

Our own saliva may also help protect our teeth from <(ecay, by 
^/ acting as a buffer. A buffer solution is defined as a solution - that 

will maintain a nearly constant pH (concentration ^f H+ ions) even 
when sipall amounts of H'*' ions or OH" ions are addea to ,it. If our 
saliva is indeed, capable of acting as a buffer, then it may be able 
to prevent some of the acid produced by bdcteria i^rom eroding the 
enamel of the teeth by neutralizing the H+ ions. , 

Diet is also important in dental health^ Decreasing the amount 
of sugar in the ^diet decreases the amount of food available for bac- 
teria to convert to acid. §ticky candies are especially bad# since 
they remain stuck to the teeth and are available to the bacteria for 
,a longer period of time. 

Antibiotics inay eliminate bacteria from the mouth. Individuals 
using penicillin for o^her medical purposes have been found to de- 
velop fewer caries. However, the intake of antibiotics can cause 
other problems and this is not a recpmmended method of preventing 
.dental disease. i 

4 2- 3 ^ Treatment of Dental Disease , ^ 

j How do dentists treat dentftl disease? ' \ . 

Despite the various means used 'to prevent dental disease, al- 
most all of us develop caries in our teeth. A toothbrush or floss 
cannot fit into a cavity to remove food or bacteria, and^the bac- 
v> teria remain to cause further decay. If decay is not too extensive, 
a tooth is filled. ' ^ ^ 

You| probably know about the filling of teeth from personal ex- 
perience. A dentist drills the tooth to remove bacteria and dis- * 
eased? tissue. The drilling also forms a pocket which holds the 
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filling material. After drilling the tooth the (^entist cleans the 
hole and Visually coatjj it Iq insulate the nerve against changes in . 
temperature. He theriffseald the cavity with filling material to pre- 
vent bact^ia^from r^i-entering, (Figure 2). 
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FIGURE 2 : How\a tooth is filled. 
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Many different materials are' used for filling teeth. Among 
the materials are gold or a mixture of silver # tin, copper/ zirtc 
and mercury, known as amalgam. Material with a plastic base is 
c!ften used in the front qf incisors, because the material looks 
like tooth enamel. Plastic material was not 'used until recently 
in biting surfaces, because it was not strong enough. However, a 
plastic with ^quartz fibers was recently developed which can be used 
on all surfaces. , 

•If the crown is badly decayed but the pulp is intact, the den- 
tistVmay replace the crown with an artificial one. To do this he 
iir'4t grinds ^e tooth down to a peg. Thd artificial crown is 
cemented over the peg and extends slight ]/y under the gum. Crowns 
are made of either gold or porcelain. . , 

' - ■ . f ■ ■ ■ ' ■ ■ 

If decay progresses through the enamel and dentin to the pulp, 
the pulp becomes inflamed. When decay has progressed to this point, 
it is sometimes necessary to remove the tooth. ' However, modern 
root^ canal techniques can frequently save these teeth. . 

»If it becomes necessary to remove a tooth, it should be re- 
placed with a btfidge. A bridge is a ^hlse tooth set in a frame 
which is connected to the teeth on eitjher side. Bridges may be 
removtble or permanent. A bridge iS Required to prevent malocclur 
sion, because without a bridge the te^th on eitjher side will move 
into the gap left by the missing tcioth. , 

Periodontal disease i-s treated by first remo\^ing the source of 
irritation. Cleaning removes bapteria and food. Scraping. the teeth, 
a process called scaling^ 'removes calculus and stimulates the gums.. 
This increases circulation. If malocclusiol^ is present it is cor^ 
rected, and improperly fitting dentures are replaced.' In addition, 
the diet is often changed to improve the condition of the gums. 
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* Our discui^sion of denteil hygiene cannot be qompleW without a 
few comments on on^ of television' s favorite subjects, "bad breath." 
Most mouth odor^can be traced to uhsaAitary conditions' in the mouth— 
foo4 trapped 'between' the teeth, decaying teeth, periodontitis. Thus 
bad breath may be the outcome of poor techniques of flossing and/or 
brushing, or it may be a symntom of a dental disease. Sometimes 
mouth odors may be due to ptner diseases such as uncontrolled dia- 
betes oi^ chronic nas.al or sinup infections. Certain foods may 
impart a "bad" odor to the breath. • 

Evidently people have been concerned about their breatjti^for a' 
long 'time. In f if th-ceatury Europe, a mouthwash was concocted by 
su|pending the following in water: ashes: from the head. of a- rabbit 
mi«(ld with dried powdered mice -.plus an equal portlqn of pullverized 
marble. While modern mouthwashes are less obnoxious in contents 
and come nicely^packaged, they haVfe little or no value in dental 
hygiene. They temporarily camouflage the "effect," but do no^ relate 
to the "cause" of the problem. ' 

42-4 Carbohydrates and Dental Health 

How may carbohydrates affect the health of teeth? 

• . * • , • ' ■ ^ .■ 

During World Wars I and 1,1, refined sugars and other highly re- 
fined carbohydrates werjp not as available as they have been at t)th6r 
times. One result was a decxease in the occurrence of dental caries. 
To understand the relation, of sugar to caries^ recall the role of 
Ipacteria in the mouth. Bacteria consume suga^ and convert it to 
acid* Acid erodes the enamel of the teeth. 

Sugar is available to bacteria for immediate consumption r but 
-starch must first be broken down to sugar. Starch id broken down 
b^ the. enzyme amylase*, which Is in saliva, but the 'process takes 
time. Only a fractiorit of the starch in the mouth is converted to 
sugar, the rest passing to the stofhach unchanged. Consequently 
only a fraction of * the starch eaten is available to bacteria in 
the mouth. . . ' - 

• • ' ' 

Certain sweet-tasting alcohols called sugar alcohols are also 
digested slowly and are therefore not readily available to bacteria. 
This fact is taken advantage" of by using these alcohols in sugarless^ 
gum. . ■ ■ , '. ■ ■ . 

■ ^ 

The worst sugars fQfejr your teeth are those that remain in your 
mouth Ibngest. Candy that sticks to*^ the teeth is particularly bad. 
Sweets in solution are better, feecause they pass- through the mouth ; 
most readily. ' ; 1 

Would you expect Eskimos and Indians to havq more or fewer 
caries than other people? An investigator named ||;rice obtained the 
information given in thfe table oil th^ following page. 
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Numjjers and Percentages, of Carious Teeth 
Pound in Indians, 4nd Eskimos at 
Various Stages 6f\ Civilization 



Condition 



Isolateid 
Near civilizatioi 



^ Very primitive 

Rather primitive 
Near civilization 

The comparison is 
of only two teeth with 



No. of . Np. of 
persons teeth i 

■ Eskimos \ < * 

72 , 2,1^ - 
81 I . 2^2^ 

Indians 

.76 ' 2,144 ^ 
11 -320 
70 1,878 



Casdous Te^th 
No.:' A Per cent 



2 

394 



0 
4 

«405 



0.1 
17.5 



. 0.0 
1.3 
21.6 



Iramatic; 72 isolated Eskimos had a total 
paries;, among Eskimos living near civiliza^ / 



tion, . 17 per _cent: of the^ir teeth had caries. 

Price divided Indians into three grotips: very primitive, rath- 
er primitive and near civilization. Of the 76 "vQty primitive" 
Indians examined, not on^ had -ajiy caries I / Eleven Indians considered 
to be "rather primitive^ had four caries among them. However, over 
ofie- fifth of the teeth of Indians living near civili?^ation were \ 
found to have carieis. \ 



The nearrabsence of Caries among 'Iprimitive** people has been \ 
attributad to two factors. Onfe. is the absence of refined sugars in 
their diejts. The other i^, tha-^ their food is tough and requires \ 
chewing, \cirewing is good if or dental health: it stimulates the 
muscles, /Lmproves circulation, and increases saliva secreation which 
helps clean food fjrom the teeth.' Exercising the teeth and jaws also 
contributes to the healthy! development of these strjict^es. 

Domestic animals also pay a price for living in civilization. 
Domestic animals' have a much greater incidence of caries and gum 
♦disease than wild animals.. Again this, is due riot only to refined 
food but also to soft food. ^Cahned dog food, for - ex§tin|)le, does ^not 
give a dog's mouth sufficient exercise. It Is not surprising tnat 
periodontal disease is coitmion amoi^g dogs» If you have a <Jog, give 
it bones regularly (but make certain they are not soft bones, like 
chicken)* Most V4?terijiarians recommend' hard, dry dog food* 

* • • ■ ; . • V ■ ■ ■ ■ ■ ' ■ ■ . •■ ■* . ■ 

What causes dental carles? What is periodontal disease? 
. What are two things you can do" to help prevent dental disejas0? 



V^en are fillings used? Crowns?. Bridges? 



Why^s it im0rtant to replace lost teeth? 
Vhat is the treatment for periodontal disease? 
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l^at causes "f^d breath?" ' 

In what sense is carieis a "disease of civilization?" 



lERiC 



Vocabulary : ^ 



V ■ ■ ■ / 



, calculus (KAL-kew-lus) — a hard crust that deposits in plaque oh 
\ teeth. It can irritate the gums adjacent to tfee teeth and 4 
dause ginvi.vitis and periodontitis; 

•t , t-' . 

caries--cavities in teeth caused by bactericijL acid production. 

. ^ ' I ■■■■ ■ .'-X'-- ■ ■ 

gingivitis (JIN- jih-VY-tus) — inflainination^/bf the gums. 

periodontal ( J PAIR-ee-oh-pONrtul ) — pertaining to the gums and bone. 
■ •■ ■ that surround a tooth. ^ ■ ■ /' . ^ 

periodontitis (PAIR-ee-oh-don-TY^tus) — inflammation of the ^ums and 
bone around a tooth, oft^n with pus; pyorrhea. 

plaque — a white film that deposits on teethr especially near the 
gumSv Decay-producing bacteria live in it^ It also forms a 
base, for calculus deposits. > 



•Section 4^: ^ VITAMINS AND ^'FLUORID^^ IN DENTT^i HEALTH 
4>1 Vitami ns and Dental HealHh 



which vitamins ajre particularly vital to dental health? . 

When we discussed the roies of vitamins in the body, we men^- 
tioned several functi'bns related to dental healthy Now that we 
have^. considered teeth and surrounding tissues, we /Will re-examine 
the fuilctions these nutrients have in dental health. 
. f>. 

The outer parts of teeth are composed largely of calcium and 
:phosphaU6. Vitamin is necessary, for the absorption of phosphate ' 
/into the body frdm the ir^testines. It is^lso needed for the con- 
version of organic phosphorus to inorganic ptosphates, the form in 
which phosphorus is incorporated into the bones ^nd teeth. For 
these reasons vitamin D, as^ well as calcium and phosphorus, is 
necessary to the development ot strong teeth. ^ 

Teeth (and bones, as wfSll) also contain cells composed of * . 
organic material. These crflls help in- controlling the growth and 
resorption of the teeth. Al^itamin A is required for the release of 
certain enzymes that are inYolv^d in 'the resorption of old cells 
and also laying down of new enamel. If a diet is deficient in 
vitamin A, the growth af new cells is inhibited and t'he dev|lopment 
of bones and teeth is impaired. The enamel is^particulariy'af fected. 
Therefore, vitamin A is especially important while teeth 'are . 
developihg. ^ .1 
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Vi-bamin C affects the soft tissue (the pulp and the gums) not . 
only di^ring the period of development but also l^fttet. Vitamin C, 
or ascorbic acid, is necessary f or Ibhe formation of a protein called 
collagen. Collagen holds cells together and- thus gives structure to 
tissue^ A lack of collagen causes tissue to disintegrate . This 
problem is very rare in the U.S^ where most gum problenj^ are plaque- 
related. 0^ ^ 



r 

chll 



You may recall that the- group of symptoms resulting from a vita^ 
min C deficiency is giv^n the name scurvy. .One of the symptoms is a 
'condition known fe.s . hemorrhagic gingivitis . As we have discussed, 
gingivitis is inflammation of th^ gums. Hemorrhagic refers to bleed- 
ing. Thus hemorrhagic gingivitis is bleeding gums. A lack of col- 
lagen also causes a weakening of the . structures that support the 
teeth alid deterioration of the periodontal membrane. In extreme 
cases ofe scurvy r teeth become loose and fall out. Other effects of 
vitamin'C deficiency are imiproper formation of dentin and deteriora- 
tion of pulp. 

^ ■ ' ■ ■ " ■ . 

■ . . • . ■ * 

The tongue is often an indicatbr of deficiency of a B vitamin. 
The .tongue ^hows symptoms of deficiencies of riboflavin and niacin 
as well as. the' other B vitamins pyridoxine, biopin, folic acid and 
Bx2* Symptoms vary from a red and swollen tong^tie to partial or 
total loss of taste buds. ( 

4 3-2^ Fluorides ' 

How may fluorides prevent tooth clecay? 

An, element that we have not yet discussed in relation to nutri- 
tion is very important in dental health. This element is fluorine. 
Fluorine, occurring as the F"-ion, helps to prevent the formation 
of dental caries. 'The drinking ;water of many communities contains 
fluiirides n^^turallyy and the dental health records of these communi- 
ties first demonstrated the value of fluorides. 



What initiafly called ^ttention to the relation between fluo- 
rides aiEid dental health was not the lack of caries.:^ In was mottled 
enamel. The teeth of people in certain communities;^ mostly in the . 
Southwest, were found to have a tendency to become pigmented*- to 
stain a dark brown. This occurred when the concentration ofiT fluo- 
ride in their water exceeded two mparts per million (^pm) - Twie 
positive value of fluoride was' discovered when it was , found that 
these people with mottled enamel developed fewer caries than the 
rest of the population. 'This prompted a great deal of research on 
fluoride in relation^bo dental health. ^ \ 

In the table on/p. 2,45 are listed the concentrations of fluo- 
rides in the water of 11' communities . The data are listed from 
highest to lowest fluotide content of drinking water. Concentrations 
are given in parts per million. ! Also listed are the » percentages of 
children w^th no tooth decay and the average .number of diseased 
teeth p^r child. . ♦ 255 

'■-.■■•'\ . . . • • ■ . ■. :■• ^ : . 
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▼ 

1 . 
5 



Colorado Springs, Colo^ 
GaleSbur^, li^l' 
East Moline, 111. 
Kewanee, Illv 
Pueb]^, Colo. 
Marion, Ohio 
Lima, Ohio 
Middletown, ^hio 
Zanesville, Ohio 
Quincy, 111. 
Portsmouth, Ohio 
Elkhart, Ind. 
Michigan City, Ind. 



:.:\ , ^ 

Fluoride . No. of 
content children 
(ppm)! examined 



2.6 
1.9 
3L.2 
0.9 
0.6 
0.4 
0.3 
0.2 
0^2 
0.1 
0.1 
0.1 

oa 



(27 



4 

273 
152 
123 
614. 
263 
454 
370 
450 
330 
469 
278 
236 



Children Average no. 
with no of diseased 
tooth decay teeth per 



(per cejit) 

28\5 

27. K 
20.4 
17.9 
10 . 6 

■ 2.2 
1.9 
2.6 
2.4 
i.3 
1.4 
0.0 



child 

2.5 

2.4 

3.0. 

3.4 

4.1 

5.6 

6.5 

7.0 

.7.3 
7.1 
7.7 
8 .'2 

,10. '4 



The correlation between fluoride content of the water and den- 
tal health is very strong. ^ In tpwns with 0.1 part per million 
fluoride in the wat^ only about one to two per cent of the childre,i 
had no tooth decay. In Colorado Springs, which has 2.6 parts per 
million fluoride, and Galesburg, Illinois, with 1.9 parts per mil- 
lion, over a fourth of the children had no decay. On the average^ - 
a child in Colorado Springs or in Galesburg had approximately 2.5 
-diseased teeth. \ Children in Michigan City, Indiana, had an ayepage 
Vof/lO. 4 diseased' teeth. ^ 

The statistics given above indicate that fluorides can help 
/prevent tooth decay, but they also raise a series of questions* Is 
fluoride more effective with people of certain ages? Does fluoride 
reach teeth through the blood system or directly from saliva? How 
does fluoride act to make teeth more resistant to ce^^ries? What is # 
the optimal concentration of fluorides in drinJcing wat^r? The an- 
swers to some of these questions have not been completely (deter- 
mined, but we will state what is known. ^ 



study of two similar neighboring cities on the Hudson River 
York, the cities of Newburgh' and Kingston, provided -^luable 



in New , — ^- — ^ — , , ^ _ 

data on the effectiveness of f lupridation. Ten years be for* the 
study was made Newburgh artifi^icially fluoridated its water to pro- 
duce xarinkingwaterwith^ a concentration of about one part per 
million of fluoride, a :;j|p1u^ that would not lead to mottling. Dur^ 
ing this period, Kingst^on liad water that was not fluoridated. The 
chart on the following page g'juves the numbers of decayed, missing 
and filled second molars for teenagers.^ It represents a sample of 
the data obtained. 



/ 
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Age in 
Ye?irs 

13 



14 



16 



s ■ ■■ ^ ■ . - . 

SEdbND 
PERMANENT MOLARS^ 

MWi Kewburgh (fluorldatid) 

ilh ll Kingston (non-f luorlda.tedv ' 
qr "control" group) 



55 



39 



l70 . .. 



i Mn i i (i iin iiii iH 9o 



Wumber of dscayed,- missing and filled 
teeth per 100 erupted t^efih . 



What does this comparison indioatep It shows that for each-of 
these\ age groups , the children receivinig fluoridated water fiveriged 
fewer \decayed, missing and filled second -molar teeth than the ^con- 
trol g^^oup. Similar findings on tUe first molars were also reported. 
In summary, the Newburgh children showfed 60 per cent less tooth de- 
cay thiin their Kingston cpunterparts. 7 A similar comparative study 
was done in Gran4 Rapids and!i Muskegor/, Michigan. Grand Rapids chil- 
dren received added fluoride in their drinking water while those in • 
MuskegoK did not. The study was to be a ten-year survey as in the 
Kingstoik-Newburgh one buTt after- five years, the results were so 
clearly , in support of fluoridation that the Muskegon eommunity de- 
manded ttiat their water be fluoridated. They no longer wanted to 
be a con|:rol group . , i 

In 44ditibn to statistical studies of Auoridatiori, laboratory 
research Ihas. also been done. It has been found that fluoride is 
located niainly in the outer layers of enamel. This is true in both 
teeth that have erupted and those; that: have not erupted. Since un- 
. erupted t^eth ^r6 not. i^n contact with saliva mo«t fluoride inust 
reach these teeth from the blood %ys;tem, not from saliva. 

'An inbortant vford encountered frequently in .biomedlcine is / 
systemic . Systemic m^ans "pertaining to the systems .of the body." 
We say that fluoride reaches teeth svstemically , because it te^iches^ 
teeth fromlt^le blood system. 

The enamel of the teeth is/largely compose^ of calcium phosphate 
JThe role of fluoride vis not we]/l' understood chemically, but it ap- 
pears thai! ^ imali «irtiou4t of fluoride ion makes calcium phosphate - 
(and enamel) legs; susceptible ito attack by acids. 

What about fluoridated t6othpaste? The fluoride in toothpaste ■ 
'read|ies tye^th not.systemically but maihly through direct application. 



■ ; > 'V. .\ . ■ . ■ ■ ' • ; ■ ■ * ■ ' 

Whep something vij^^^^^ tY^ system of tfte body, we 

say that it is ijipplied topically . Tooth^ste is thus applied t 
teeth topically 



Because f^ubridated toothpaste ajiplied topicallyV it is not 
as ef'fectiiye as fluoridated drinking water. ^ Nevertheless, it helps 
prevent cdries in the teeth of yoimg people. The American Dental 

Association and //almost "all dentists recommend its use, 

•■' ).•• • •■ ■■ ; ■ 

/ 



43-3 What Are tfife Dang^:ob of Too JMuctfTFluoride? 



It should/ be remembered that too imuch fluoride, just as too 
much of other ,^inerals , can cause serious medical problems in man,' 
Where the 'dri/hking water contains excessively high fluoride conaen- 
trat/ions (as //in, certain parts of India) people's teeth are commonly 
mottled^ frnV the extreme case, at about 30 years of age, pain and 
stif fness^oy the spine and joints de\|pl op until eventually the en- . 
tire, spine /pecomes a continuous colxamn pf bone. These symptoms are 
very similaf to the severe cases of skeletal fluorosis found in peo- 
ple who wOTk in .industries where excess fluorine tends to get into 
their, bodies* (aluminum factories,, steel^mills and enamel factories) 
For|^thesft7 reasons , many people oppose the addition of fluorine to. 
their water. Fluoridation qf water, like any 



other health^care 



measure that affects a whole community, can become a'politfcal isr' 
sue. You will be investigating the politics of hea;ich care in 
♦Unit III of Biomedical Social Science. ; - /. 

Projponents of fluoridation including the American Dental As- 
soc i a tidh and the U.S. Public Health Service , argue that there is 
no chande of fluoride pdiaoning ftom artificially fluoridated water. 
They po:iint to the fact tha't the people in Bartletty Texas^ whose . . 
drinking water is naturally eight times the recbmmendfed concentra- 
tion of fluorid®, have no knowh increase in any disorder except for 
mottled teeth. Even this disorder does not result ttb^ the qoncjen-. 
tration pf fluorid^e in artifically fluoridated water. , 

What roles do vitamins play in the dev^elopment and maintenance of 
healthy teeth? . . ' ' * 

. ;* ■ , ^ \ . . ' - ■ 

What\ vi0imin ds associated with hemorrhagic gingivitis? :^ 

ffhat\were: thp^ highlights Of the Kingston-Newburgh fluoride study? 

What IS the difference between a ."tdpical" ^nd a "systemic" Medicine 
oj: treatwenti? 

Classify the following ^s systeitdc or topical: Aspirin, cough medicine, 
soap, handcre^am, xraseline. 

» , ■ ■ ' ' . • ■ « ■ 

What arf the sifmptomsyof too much fluorine in the body? 

Vocabulary ; 

hfemorthagic l(HEM-uh~RAH-jik) — clyaracterized by bleedin^\ 
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Systemic — present tnrouighout the body. 
topical — present only on the outside of the. body." ; 
f luorosisT (f leur-OH-sls ) — poisoning due to. -excessive flu^i,de. 

UN.it review SET: ^ " - 

■ ■ • ' * • 

.1. What ar^eas of study are included within the, field of nutritiona 
science? •■ ■ 

2. " a. Name several fasctors which are thought to increase the risk 
of heart disease. , 

' ■ , . ■ ' ' ■ ■• •. 

b. On %hat €ype of evi^dence are these conclusions based? 

3. a. What is\accomplished during the digestive process? 

• : ' b. .Name threevclasses of nutrients that can serve, as sources ' 

• of energy. ■ • . V ■ . " • *' 

4. a. What aire enzyh^es?^ \ ^ 
b. What role do they play in .dj.gesti6h? 

5. x -a. Where does digestion* begin? , . ' 




What happens to food in the digestive organ immediately 
\fqllowing' the' esophagus? • 

• ... ■ . 

6. What l^'.jthe' relation of excess stomach acid to peptic ulcers?. 

" ■ . ' ■ 'i ■ ■ ■ 

7. * a." What are the digestive functions of the liver, gall bladder 

and pancreas? . . « 

- . > ■ •■ .. .•■ i ■ . .. . ■ • 

b. Where does most food absorption occur? 

■ * » ■ . ■ . ' .... ■ ■ ■■ 

8. Define hepatitis, ^r^l Is tones, pancreatitis. 

9.. What are the major functions of the large: intestine? / 

10. What role does wa.ter play in the life processes? 

^ .11. Define organic chemistry. Name three classes of . organic sub- '■■ 
stances that are also nvtripnts. j;^ 



12. ' ai From what Class of nutrients (k>as the average American 
» ./ derive about "half the daily energy requirement? 

b^ , In" the ^orm of ; which monosaccharide is ^ig^sted starch 
absorbed? %. 



13. a. Define hydrolysis. - ; * ' 'C^ 

igefeti 
that is stored in^ 



'b.. .What is ^>he significance of this process in digeteti6n? , » 

1.4. ' a. What, i^ the source of the glycogen 
the i4.ver? ■ '•• ' ■ . \ 



b. What- happens when^ the liy^'s' capacity to store glycogen 
is reached? ' " '.A' . •'■^ ■ ' ,• - 

c . Which . in)po:^tant^disease is thought to result f irom excess 
serum lipids? % .? . ^ . . . , 

15. a. Name the principal sweetening agent uS,ed' inSrtost, 
American diets. 

■ % • ■" 

b. In which crasses^f nutrients are brown sugar, molasses, 

and unprocessed honey richer than . the named sweetener? 

16«». a. What i^ a triglyceride? 

b. What siibstandes formy^en a fat is completely hydrolyzed? 

17. a. 'Contrast the chemical a^rr upturns s of saturated, monounsatu- 
r^ited and polyunsaturated .f atity-racids .1 

,b. Discuss the relation each oj^ these three types of fatty 
acids to the .risk of atherosc^ 



/ "\ \ I I II , . 
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a. The above formula 'is a general formula for which clasps of- 
nutrients? " 

b. <^Name, the two ciirqled functional groups... ' . 

c. wHich' nutrients are made from ipany such above "units?" 

L9. a. What do! we meaii by "essential" amino acids_?_ , 

b. Which Glasses of foods are said to provide •* complete " pro^ 
tein?. What does thi$ mean? ^ _ 

• ■ r . ^ " ' ■ ■ ' ■ ' ■ * 

20. 'a. Name three, minerals 'required .by the body in at least milli- 
gram quantitie^. ' ; j . 
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i b. N2pe two minerals tha1a*«€r?'e required' in itrace quantities. .. ^ 

21. a. What is the cause of beriberi? * ' - 

•• .. ' ■■- ■■■ ■' * ■:. • : ■ ■.■ ■ ■ .■ ^ ■ 

b, What is the relation between food processing and beriberi? 



22. ..a. Why is^the process of emulsificatiDn essential to human 
digestion? , • 

..b. What is the emulsifier secreted into the digestive tract? 

, c. I Is this substance a hormone? Explain. \ 

.'23» '?aJ Distinguish between kinetic and potential energy. 

.• , V...: . :■■ : ^ - . 

b. In what form, is the energy ve derive from foodx^ 
24. -a. - What is meaht^by' the statement that "energy is cpnserved'V> 



Ir. DjLscuss this prinbipie in relation to cell respiration i 

25. Lis.t**''the two? gene jral fun of metabolism. 

26. .o Apprpxiraately how many ca^lories does, the body obtain from one 
. gram bf-'proteiHi'?. One gram of carbohydrate?/ One gram of fat? 

What i«s^ ^accomplished ^y ceil f-espiration? 

28'. ".'t^hat 'is 'the'"role of adenosine triphosphai;e (ATP) ? * 



» , 



29% - ^nciti:^^^ tend to !&avpr reactants ,oyer products. 

Desc;ribe 'tUo ways in which the bajiy causes such reactions to produce 
maijily prqciucts.. • ^ " . / 

30 . Jiow is;**ni$turi|:y^onset (^iabetes mellitus ' usu^ 

^31. What is the basic principle of ^losing weight? 

V^^* "" What are some of the procedures used to prevent bacteria from 
multiplying in" food? . ' • ' f : • 

. 33^: a; \Which animals, common to the diet may^ harbor Trichinella < 
■ worms? • • ■ 

b. How c^n -^he chance of contracti^ig.vtrichinosis ^e lessened? 

*• . ^ • ■ ■• . * • • *^ 

34., Name two^classes of contaminants sometimes found in drinking 

water.- . : ■ ' .. . " ■ 

■ ■ ■ i ■ , - ^ ■ ■ . . ■■ ■ ■■■» 

35. Which nutrients present in vhole« wheat flouir .are significantly 
reduced in unenriched wflite- flour? 

36 1. a.: List tVw uses of <>€ood additive's.,^ , 



b. *wame two potentially harmful food 'additives . In what ways 
mayr they be harmful^ ; ^ ■ ' ' ' ° \ ; ■ 

37. . .What ■ can be iQailrneci about packaged foods from' their labels? 



38. What are the functions of th'e four different types of human 
■.teeth? ■ . • . : 

S9. What kind of dental problem is treated by an orthodontist? 

40. How do gingivitis and periodontitis differ? _) 

• ' *• • • ~. , . ■ . -fc ■ 

41. Describe the complete process by which caries are formed. 

42. Why is fluoride added to water? 
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